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1.0 INTRODUCTION

1.1 Purpose:

The purpose of this report is to document the results of the

environmental temperature tests performed on the E/O Bench and Electronic

Station (E/O Augmentation) which is part of the AH-64 Automatic Test Equip-

ment (ATE). This environemtanl testing will indicate the E/O Augmentations

ability to support the AH64 Target Acquisition Designation Sight (TADS)/

Pilot Night Vision System (PNVS) at the required high and low operating

temperature extremes, to which it will be exposed in field environment.

1.2 Test Objectives:

The objective of this testing is to perform environmental tests

which will generate performance characteristics of the E/O Augmentation at

temperature extremes of 65"F and 90F for engineering evaluation. These

temperature extremes represent AVIM operational ambient temperature limits.

The tests performed provide an indication as to the ability of the E/O

Augmentation to maintain the measurement accuracies necessary to properly

evaluate and test the TADS/PNVS LRUs and SRUs.

Specific objectives are:

1. Perform Augmentation Acceptance Test Procedure (ATP) 13082803 at

the low temperature extreme.

2. Perform ATP at the high temperature extreme.

3. Determine the amount of temperature induced boresight shift that

is present in the Far Infrared Module.

4. Determine the amount of temperature induced focus shift that is

present in the Far Infrared Module.

1-
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5. Determine the amount of temperature induced alignment shift that

is present in VIS/NIR UUT Optical path.

6. Determine the amount of temperature induced focal shifts that are

present in the VIS/NIR UUT Optical path.

7. Determine the amount of temperature induced alignment shift of the

Visual UUT optical path contained in the Optical Signal Generator

(OSG).

8. Determine the amount of temperature induced alignment shifts of

the EO MUX Optical path contained in the OSG.

9. Determine the amount of temperature induced focus variations which

are present at the visual port of the OSG.

10. Determine the amount of temperature induced focus variations which

are present at the EO MUX port of the OSG.

Upon completion of the objectives listed above, Martin Marietta collected

the data necessay to perform the required engineering evaluation. The

objective of this evaluation was:

1. Evaluate those portions of the ATP which failed either high or low

temperature tests.

is'.

2. Evaluate data collected during optical testing with respect to

overall Augmentation performance.

3. Make recommendations referencing the results of the environmental

temperature testing.

Ik
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1.3 Applicable Documents: --
-J

Acceptance Test Procedure Augmentation - 13082803

Critical Item Development Spec - DRC-C-M402003

Electro-Optical Bench - 13082808-19

2.0 TEST EQUIPMENT

2.1 ATP Test Equipment

Equipment requirements shall be as listed in ATP 13082803,

Section 3.3.

2.2 Special Test Equipment

2.2.1 In addition to the equipment listed in Section 2.1 the fol-

lowing special equipment was utilized to measure focus and Boresight sifts

of the E/O Augmentation:

1. EZ8-082800A Optical tool

2. EZ8-082787A Optical tool

3. EZ8-082798C Optical tool

4. Video Monitor RCA

5. TOAN 4-6 Collimator

6. 1-150 Cuda Fiber Optics Light Source with 36" Fiber Bundle

7. Two .125" x .5" Steel Dowel Pins

8. 2 x 3 Inch Retro-reflector Corner cube

9. 2-6" Flat Granite Parallels

10. K&E Model 71-2030 Autocollimator with angle reading attachment

11. 20x Traveling Microscope with X, Y, and Z travel

12. Temperature chamber capable of enclosing the E/O Augmentation

and maintaining 65+3"F, 90+3"F temp. profiles. (See Appendix

A-5 for chamber description)

13. Fluke Data Logger 2240C

14. Thermal Couples Type E-7.

3
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2.2.2 The following test equipment was used to characterize the

optical tools:

1. Temperature chamber to enclose the optical test tools at

65 +3F and 90 +3F. See Appendix A-3 for chamber description.

2. Thermotron Thermal Chamber S-1.2.

3. Invar test stand. See sketch - SKO01 in Appendix A3 for Stand

Description.

4. Kane Mary Temperature Probe EQ728493.

5. Ray Chem. Mini Gun 3, Heat Gun.

6. Air Isolated Optical Table.

7. 20 x traveling microscope with x, y, and z travel.

8. Nikon 60 Autocollimator alignment scope.

9. Fluke Data Logger 2240C.

10. Brunson Model '81' Alignment Scope.

11. DIA Optical Test Stand.

12. Thermal couples Type E-7.

2.3 Optical Tool Characterization

2.3.1 The optical tools determined to have an effect on measurement

*i accuracies were the EZ8-082798C tool, the EZ8-082800A tool and the

EZ8-082787A tool.

These optical test tools were temperature characterized with

respect to Focus and Boresight shifts over the temperature range of

interest. The results of this characterization are shown along with the

test setups and procedures in Appendix A-3.

All other test equipment used during the environmental tempera-

ture test was determined not to inject any measurement inaccuracies into

the test and consequently were not characterized.

4



3.0 METHOD OF TEST

The test methods employed are a combination of Automatic tests, Manual

electro-optical tests, and electro-optical software algorithms.

The Automatic tests consist of the ATP tests which are performed At

the test operators keyboard remote terminal, no manual measurements or

actions are required, with the exception of prompted commands.

The manual electro-optical tests are those tests which the test

* engineer is required to perform. The test engineer initialized the E/O

Augmentation, attached the required external test equipment, made the

appropriate measurements, and recorded the test results. These tests are

FIR Boresight and Focus; OSG Boresight and Focus.

Electro-optic Algorithms are those optical tests which are performed

from the test operators keyboard remote terminal. The test engineer is

required to connect the required external optical stimulus prior to per-

forming each test. Once the tests are initiated, the E/O algorithm is used

to provide electronic stimulli, make the necessary measurements and record

the data. The results were recorded via computer printout making them

available to the test operator. Optical measurements which were performed

by computer algqrithms are VIS/NIR Focus and Boresight. See Appendix A-4

for the complete listing of the computer algorithms used.

Due to the types of activities which took place during the execution

of the temperature testing a specific test order was implemented. In order

to not disturb the optical test tool alignments and retain similar mechani-

cal interfaces, the optical test measurements were performed sequentially

at the two temprature extremes. This guaranteed all optical test data

obtained ws the result of temperature variations of the equipment under

test and not due to variations in test setups and mechanical or optical

interfaces. To facilitate this, the Augmentation ATP tests were performed

at the low temperature profile, followed by the optical tests also per-

formed at low temperature. The optical tests were repeated at the high

temprature extreme, followed by the Augmentation ATP which was also

performed at the high temperature profile.

5
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3.1 E/O Augmentation Temperatue Test "Test Sequence"

The following represents the order of testing which was observed

during the temperature test:

VERIFICATION TESTING

a. Thermal Chamber Evaluation - E/O Augmentation

- b. Perform Augmentation ATP at Low Temperature Profile

c. Perform Augmentation ATP at High Temperature Profile

d. Develop and verify Software Algorithms for VIS/NIR Br sight

and Focus Tests

e. Tool Characterization Tests

f. Develop test methods for F/R and OSG Optical Evaluat

LOW TEMPERATURE TESTS

a. Twenty-four hour soak at 65 +3"F

b. Perform Augmentation ATP

c. FIR Module Boresight Test

d. FIR Module Focus Test

e. VIS/NIR Module Boresight Test

f. VIS/NIR Module Focus Test

g. OSG Boresight Test - TV and EO Mux Ports

h. OSG Focus Tests - TV and EO Mux Ports.

HIGH TEMPERATURE TESTS

a. Twelve hour soak at 90 +3"F

b. FIR Module Boresight Test

c. FIR Module Focus Test

d. VIS/IR Module Focus Test

e. VIS/NIR Module Focus Test

f. 0VI Boresight Test - TV and EO Mux Ports

g. OSG Focus Test - TV and EO Mux Ports
h. Perform Augmentation ATP.

6
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3.2 ,iS/NIR Boresight Test

3.2.1 Boresight shifts due to thermal changes in the VIS/NIR colli-

mator module were evaluated by image position shifts. This was accom-
plished by projecting a crosshair pattern into the VIS/NIR and imaging it

on the CID camera. The intersection of the crosshair pattern was estab-
lished from the camera output. The temperature was changed and the new

crosshair position found.

See Figure 3.1.

To accomplish this, the "EZ8-082800A A" tool with illuminator is

attached to the VIS/NIR mounting assembly. With the aid of a video
monitor, the crosshair pattern is focused on the CID camera. The inter-

section of the crosshair was found by a computer Algorithm which evaluates
the CID camera output. The temperature was then varied and the new cross-

hair position determined.

3.2.2 Boresight Algorithm

* The boresight shift of the VIS/NIR collimator was found using

relative measurements. The point of intersection of a standard crosshair
was calculated at the low temperature then at the high temperature and the

differences were compared. This point of intersection was located in the

following manner.

The crosshair was positioned as close to the center of the

camera's field of view as was possible by using the "A" tool. Data in the
center 20% of the camera's field of view was then sampled.

'S~
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The Intersection of the crosshair needed only to lie somewhere near the

center of the sampled area.

0 PIELS *---CID CA ME RA

0 I
i 'k' 3

le-- / s P/XEZ LS -

The horizontal lines signified by 1 and 2 are respectively searched

from left to right for the location where the vertical part of the cross-

hair intersects them. Lines 3 and 4 are then respectively searched from

top to bottom for the horizontal line of the crosshair.

A snapshot of the sampling area in the center of the camera's

field of view is taken and stored in a matrix. The edges of this area are

then searched for the point where the leg of the crosshair intersects it.

" This point is found by detecting changes in light intensity. A black

crosshair was projected on to a white field. The CID camera digitizes this

data. Totally black objects are equated with the numer 255. White objects

are lower numbers depending on intensity and contrast. In our case, a line

of digitized data along the edge of the block would resemble the data

figure below.

140 143 142 147 152 149 160 184 196 201 194 173 152 149 142 144 141

This could interpolate to a Gaussian line similar to the

following:

=. - E H OLO V iAL EAL-S

PI E0-S

-- . * . . . •
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Noise spikes can be detected along the lower ends of the curve.

They play a lesser role when an event is occuring, i.e., the crossing of a

line.

Due to the small width of the lines composing the crosshair, the

digital output never reaches 255 (total black). The relative width of a
* line depends on where a white to black threshold is established. Once

established relative changes in line position can be evaluated. In the
boresight program, 180 was used as the white to black threshold. It was a

value chosen to keep the effects of noise at a minimum.

The edges of the sample area are searched for a plus crossing

(positive slope) and a negative crossing (negative slope) of 180. The

distance between these points represents the line width therefore, the

point exactly betwen these points would be the center of the line.

When all four sides have been searched, four pairs of coordinates

exist. These coordinates are made relative to the lower left corner of the

sample area (point [0,0]).

The straight line between the left and right points and the upper

and lower points represents the crosshair. The slopes of the two lines are

found by the formula:

Slope M = (Y2-Yl)/(X2-Xl)

Now, the coordinates of two points and the slope of two different

lines are known. With this information, the simple formulas shown below

can be solved which will give the (X,Y) coordinates of the intersection of

two straight lines, i.e., the intersection of the crosshair.

For the vertical lines:

Y= (Ml * Xl) + B

9

7 . 7 7 7 7 .". ... * .. .



Where:

.Y1= Y point on the line
X1 - X point on the line
MI = Slope of the line
B1 - Zero crossing at axis

Solve for B:

B1 = Yl - (Ml * Xl)

For the horizontal line:

Y2 = (M2 * X2) + B2

Solve for B2 :

B2 = Y2- (M2 * X2)

The intersections coordinates are:

X = (B1 - B2)/(M2 - Ml)

Plug X into either of the first two formulas and solve for Y:

Y = (M1 * X) + B1

Y = (N2 * X) + B2

(See Appendix A-4 for Algorithm listing)

3.3 VIS/NIR Focus Test

3.3.1 Focus shifts due to thermal changes in the VIS/NIR collimator

" lenses are evaluated by measuring image size variations. This was accomp-

lished by projecting, from an external collimator, a slit image into the

10
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VIS/NIR collimator. The image was focused onto the CID camera. The slit

width is measured, as seen by the camera, at different temperatures. Focus

shifts i.e., slit width variations are expected due to the physical charac-

terists of the VIS/NIR lenses. See figure 3.1.

To accomplish this, the TOAN 4-6 collimator with a 13 um slit

target was set up externally to the temp chamber. The slit target is

" illuminated with a filtered light source. With the aid of a video monitor,

the external collimator optical axis is made coincident with the VIS/NIR

optic axis through a small opening in the temp chamber wall. The VIS/NIR's

collimator lense assembly is then moved to best focus position i.e., smal-

lest slit width as viewed on the video monitor. The slit width is then

measured by utilizing an Algorithm which evaluates the CID camera output.

The temperature is varied and the slit width remeasured.

3.3.2 Focus Algorithm

To prevent dismounting and remounting of the target in the NA"

Vtool between temperature changes, the focus test was performed by projec-
ting a vertical white line on to the camera detector from an external

collimator. The snapshot of a single horizontal line is taken with the CID

camera.

/Co CFl 6A

~:L1-2. Ln 1 "

line. Ths iL:. E

Line 1 is 100 pixels long and is positioned at the horizontal center, line

120. Line 1 is searched from left to right seeking the white vertical.
(I line. This is done several times (20 to 30) and an average is taken. Each ,

11
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time the line is scanned, the data is stored in a vector matrix where cal-
p culations will be made. The curve will be inverted from the boresight data

because with the focus test, a white line was projected on to a black back-
ground. The curve resembles the one shown below:

40 LIf#

1-4

4

PIXELS

The digitized data ranged from intensity levels of 255 to about

190. The threshold used was 235. Due to the inherent noise in it is neces-

sary to take several data samples and average. It was also noted that more
noise is found in white fields than in black. Occasionally, the sample was

too noisy for accurate results and was automatically rejected by the soft-
ware routine. Using the threshold of 235, the neinewidth was calculated.

Twenty good samples were taken to give greater accuracy.

With a change in temperature, it was expected that the focus of
the day collimator would change. This is due to the properties of the opti-
cs in the collimator. The VIS/NIR is designed to automatically compensate
for this thermal change. By taking another set of samples and calculating

an average line width, it could be established whether or not the line
became wider, (moved out of focus) or became narrower, (moved in focus).

Using this method of line width focus evaluation, the focus at
low temperature and high temperature could be evaluated.

(See Appendix A-4 for Focus Algorithm Listing)

12



3.4 FIR Focus and Boresight Tests

3.4.1 Boresight and focus shifts due to thermal changes in the FIR

collimator module were evaluated by image position shift and image focus
degradation respectively. This is accomplished by viewing a FIR slit
target with an external telescope. See Figure 3.3.

This is accomplished by attaching the EZ8-082787A tool to the

FIR mounting assembly. The FIR target wheel is driven to position 5 and
the slit is illuminated with the fiber optic light source through the FIR

aperature. The "Au tool is then focused and the position of the slit with
respect to the internal crosshairs of the "A" tool is measured. The

temperature is varied and changes in position of the slit and focus of the
"A" tool are recorded. (See Figure 3.2).

3.5 OSG - EO MUX Focus & Boresight Tests

3.5.1 Boresight and focus shifts due to thermal changes in the EO MUX
collimator of the OSG module are be evaluated by image positions shifts.

This is accomplished by establishing the EO MUX optical axis and measuring

displacements of the projected target referenced to this axis. See Figure

3.4.

After installing .125" x .5" Dowel pins in the OSG EO MUX
locating holes, a parallel was placed against the pins. A corner cube was
placed such that one flat side was pressed against the parallel and another

flat side was against EO MUX mounting surface. The third side of the
corner cube establishes a plane perpendicular to the EO MUX optical axis.

With K & E scope was autocollimated off flat side of corner cube. The K &
E scope axis was coincident with the EO MUS's optical axis. The corner

cube was removed and the OSG lamp turned on. The OSG filter was placed in

the EO MUX position and the displacement in target image location with
reference to the K.& E scope crosshair was measured. Focus position of

13
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scope was recorded. The temperature was varied and the scope was again set

for optical focus. The two focus settings were then compared resulting in

measured focus shift. See Flqure 3.2.

3.6 OSG - TV Focus & Boresight Tests

3.6.1 Boresight and focus shifts due to thermal changes in the TV

side of the OSG module were evaluted by image position shifts. This was

accomplished by superimposing the OSG target image on a crosshair reticle

tool, which simultaes the TV focal plane. Image displacements were

measured with a traveling microscope. See figure 3.4.

After attaching the EZ8-082798C crosshair tool to the TV side of the

OSG module, the OSG lamp was illuminated, the TV mirror was set to the

"OUT" position, and put the filter to the EO MUX position. The traveling

microscope was focused on the center of the crosshair reticle pattern and

the positions of the target image were measured in the X, Y and Z direc-

tions with reference to the crosshair pattern. Positions X, Y & Z were

remeasured and recorded at hi temp. See Figure 3.2.

3.7 Augmentation Acceptance Test Procedure

3.7.1 The E/O Augmentation Acceptance testing was performed as speci-

". fied in ATP document 13082803.

14.
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4.0 TEST RESULTS/CONCLUSIONS

4.1 Verification Test Results

Prior to demonstrating the formal anvironmental temperature test, a

"dry run" was performed approximately one week earlier. The purpose of

this testing was to identify any problem areas which needed further devel-

opment, to evaluate temperature chamber performance, to verify that proper

Augmentation performance was realizable during the formal temperature test

demonstration, and to aid in the development of the Algorithm's used in the

focus and boresight tests.

4.1.1. Low Temperature Test

The first step in this testing phase was to insure the E/O Augmenta-

K ,tion temperature chamber was capable of maintaining the desired low temper-

ature profile of 65 + 3"F with the E/O Augmentation powered up and in the

operating condition. To verify this 16 thermocouples were placed in the

chamber to monitor air temperature profiles and equipment temperatures with

a Fluke Data Logger. (See Figure 4.1).
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After the proper temperature profile were achieved, 65 + 3"F, the E/O

Augmentation was then cold soaked for 24 hours prior to the performance of

the ATP. The ATP was then performed resulting in an all "tests passed"

condition.

4.1.2 High Temperature Test

The next step was to verify the E/O Augmentation temperature chamber

was capable of maintaining the high temperature profile of 90 + 3"F. Once

the proper temperature profile was achieved the E/O Augmentation was

temperature soaked for 24 hours. The ATP was then performed and the fol-

lowing failures were encountered:

a) Matrix Switch ATP section 4.1.3.

b) Video Signal Generator ATP Section 4.1.10

c) Photo Multiplier Tube ATP Section 4.2.4

d) Temperature Sensors ATP Section 4.6.1.

e) 28 VDC fixed power supply failureU

The matrix switch test failure (a) consisted of relay 14 in Quadant 1

on all 16 relay cards failing to close and relay 15 in Quadrant 4 on all 16

relay cards also failed to close. Investigation of this problem showed the

cause was two pushed pins on the major adapter contained in the center

section. This problem was determined to also be the cause of the VSG

failure (b). After repairing the two pushed pins in the major adapter the

Matrix switch and VSG test were reran successfully. No further action was

required.
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The PMT failure (c) was caused by the PMT controller going into an
! overload condition before the photo multiplier tube temperature sensor

reached its ATP specified operating temperature. The manufacturer was

contacted and informed of the problem. The manufacturer advised Martin

Marietta to readjust the current overload threshold potentiometer, R14, in

the PMT controller, as upon initial setup the pot was set with too low of aU
current threshold. Based on this advice the PMT controller was removed

from the electronic station and R14, the current overload potentiometer,

was set to a value 10 percent less than the initial factory setting,

resulting in a higher current threshold. The PMT controller was then re-

installed in the electronic station. After allowing the PMT cooler to
stabilize at its operating temperature, the PMT test was successfully rerun

with no overload condition existing. To prevent future occurrences of this
problem MMC will consult with the PMT vendor and establish proper adjust

procedures which will become part of AUG engineering data package.

The DC temperature sensors 1 and 3, located in the VIS/NIR Module,

failures were caused by the sensors indicating an incorrect temperature.

This was determined to be caused by the sensors being improperly wired.

Engineering had previously resolved this problem and the latest augmenta-
tion configuration incorporates the necessasry wiring changes needed to

correct the situation. Therefore this problem will be corrected when the
Augmentation SNO03 is updated to the latest engineering.

The 28 VDC fixed power supply, contained in the electronic station,

failure was determined to be caused by a failure of the 600 Vdc power

supply contained in the VIS/NIR Laser Simulator.

The input stage of the 600 Vdc power had become a low impedance path
to ground causing the voltage output of the 28 Vdc power supply to fall

off, since it could not supply the current necessary to maintain nominal

voltage output. Failure analysis of the 600 Vdc power supply revealed the

input stage had indeed become shorted to ground through the 555 timer,

which sets the fixed switching frequency of the supply. Additional

2
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investigation revealed a design flaw in the capacitive coupling between the

drive transformer and the 555 timer. The coupling capacitor, which is a

polarized polycarbonate style was installed with the reverse polarity.

This caused the 555 failure by exposing it to the high voltage switching

transients generated by the drive transformer. Once the 555's output stage

became shorted, this created the low impedance path the ground on the +28

VDC line.

To remedy this situation the manufacturer (Advanced High Voltage

Corp.) was contacted and made aware of the problem. The manufacturer has

agreed to repair all existing units and incorporate design changes which

will have the capacitor installed with the correct polarity.

4.1.3 VIS/NIR Focus and Boresight Agorithm Development

Throughout this testing period algorithm development was taking place.

The results of this development were the generation of the two algorithms
used to determine the amount of focus and boresight changes are present in

the VIS/NIR. See Appendix A-4 for the Algorithm Listings and Sections

3.2.2 and 3.3.2 for an algorithm description.

4.1.4 FIR and OSG Focus and Boresight

A dry run of the procedures outlined in paragraphs 3.4 and 3.5 was

performed to confirm the validity of these test procedures and fanilarize

test conductor with the test procedures and equipment.
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4.2 Formal Temp Test Results

-. 4.2.1 ATP Test Results

4.2.1.1 Low Temp

The results of the ATP performed at the low temperature pro-

file, 65+3"F, (See Appendix A-2 for computer tab run) demonstrate the E/O

Augmentations capability to function properly at this temperature environ-

ment. Two failures were encountered; ATP sections 4.1.5, digitizer and

4.1.8 Resolver Simulator.

The digitizer failurer was caused by operator error when the

__ test engineer incorrectly connected connector J2 of cable P/N 79906184 to

major adaptor J2. After correctly connecting J2 to major adaptor J3, the

digitizer test was rerun and successfully passed ATP Section 4.1.5, there-

fore this section was signed off and called a good test per ATP section

S 3.8.

The Resolver Simulator failure was a non-repeatable failure.

The ATP Section 4.1.8 was rerun two successive times following the failure,

each time successfully. The random failure was attributed to an Equate

Missed measurement, consequently no corrective action was initiated. Upon

completion of the retest, the Resolver Simulator was called a good test per

ATP Section 3.8 and signed off.

"- The occurence of the two failures listed above and their

disposition has been recorded on Mars Tag #3TL1496, (See Appendix A-7)

resulting in an "all tests passed" condition at low temperature.

4.2.1.2 High Temp

The results of the ATP performed at the high temperature pro-

file, 90+3"F, (See Appendix A-2 for computer printout), indicates three
failures occurred. Sections 4.1.10 Video Signal Generator, 4.2.4 Photo
Multiplier Tube, (PMT) and 4.6.1 Temperature Sensors. These failures are

un-related.

Ii 24
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The PMT failure was caused by the temperature sensor, which is

located on Photo Multiplier Tube contained in the OSA, not reaching the ATP

specified temperaure window of 10 + 5"C. Actual PMT temperature reading

was 17.8"C. To compensate for this the coldness setting, which is control-

led by an adjustment knob on the back panel of PMT controller, contained in

the electronic station, was moved to a colder setting. After allowing PMT

to restabilize at a new temperature, ATP section 4.6.1 was rerun success-

fully. Therefore, the retest was called a good test and signed off per ATP

section 3.8.

Based on the PMT failure encountered, it has been determined

- that further engineering evaluation and action is required in this area. A

new procedure will need to be implemented to properly setup and initialize

the PMT controller. This new procedure must insure the PMT is capable of

reaching the correct temperature profile at both high and low temperature

profiles, while also guaranteeing the PMT face plate does not reach a

temperature less than OC, as this could cause the face plate to ice over

impairing its functional operation. Action will be as indicated in para-

graph 4.1.2 as a related problem occured during verification test.
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The Temperature Sensors, ATP Section 4.6.1, experienced three

failures, which were:

a) Temperature Sensor 1, located in the VIS/NIR gave an incorrect

temperature reading

b) Temperature Sensor 3, located in the VIS/NIR gave an incorrect

temperature reading.

c) DBA Source B did not reach the ATP specified temperature in the

time allotted.

Failures a and b were caused by the temperature sensors being incorrectly

wired. The Augmentation configuration tested, SNO3, has the Temperature

Sensors wired in such a fashion that they will always read a fixed tempera-

4. ture which is controlled by the potentiometer setting on the temperature

board 13082738. The sensors were initially set to read a temperature near

the low temperature profile, 65 + 3"F, which explains why the sensors pas-

sed the low temperature ATP test run. However, when tested at the high

n temperature profile the failure was apparent.

This problem was discovered previously and current engineering

calls for the temperature sensors to be wired correctly. The only engine-

ering action required to correct this problem is to update the E/O

Augmentation tested SNO03 to the proper documentation.

The DBA Source B failure was caused by source B not being

stabilized at the proper temperature within the ATP specified time. This

test was immediately rerun, successfully, and signed off as a good test,

per ATP section 3.8.

To insure that this problem does not reoccur, the times speci-

fied in the ATP for the DBA sources to stabilize at the programmed opera- -

ting temperature will be re-evaluated to insure erroneous "NO GO" events

are minimized and a slight increase in stabilization time is anticipated.
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The VSG failure, ATP Section 4.1.10, failed the composite synch
test. The critical timing signals which are required to pass the composite
synch test are generated in Programmable Pulse Generator (PPG) and the PPG

in S/NO03 has had a history of intermittent problems (Mars Tag 3TL1472),
. therefore, it was suspect as to the cause of the VSG failure. After

* removing the PPG card, the timing signals in question were found to check
good. The card (PPG) was then re-inserted which enabled the VSG test to

check good when reran.

Further investigation revealed a thermal problem with ICs U5
and U32 on the PPG board. Replacing the IC's with new 54LS04's eliminated
the thermal problem and VSG passed repeated test runs, consequently, ATP

Section 4.1.10 ATP was signed off per Section 3.8.

-The results of the failures listed and their disposition has

been recorded on Mars Tag #3TLI498. (See Appendix A-7).

It should be noted that past engineering evaluations have
revealed potential thermal problems related to the VSG. To correct this

the latest engineering calls for addition of cooling holes into the equip-

.. ment drawer, slots to be placed in the VSG assembly, and the camera
S-controllers to be separated by spacing bars. All of the above will provide

additional cooling to be VSG and lower the temperature inside the elec-
.* tronics drawer which also houses the PPG CCA. The E/O Augmentation

configuration tested did not have these modifications implemented.
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4.2.1.3 The signoff sheets for both ATP runs are contained in

Appendix A-6.

4.2.2 FIR Results Boresight & Focus

4.2.2.1 FIR Results Boresight.

The measured displacement was 10 seconds of arc or 48.5 micro-

radians. Six seconds of arc can be attributed to the "A' tool. The

absolute measured value is 19.4 microradians.

This shift is well within the FIR budget of 0.15 mrad.

4.2.2.2 FIR Results Focus

When exposed to the two temperatue extremes, no detectable

changes in focus were measured.

(See Appendix A-6 for Actual Optical Data).

This shift is well within the requirement of 4%.

4.2.3 OSG Boresight & Focus Results

4.2.3.1 EO MUX Boresight

The amount of Boresight shift measured is as follows:

X =8 seconds of arc
Y = 16 seconds of arc

This shift is well within the requirement of = 0.002 in.

28
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4.2.3.2 EO tUX Focus

No preceptable change in focus was measured between the high

an low temperature extremes.

(See Appendix A-6 for Actual Optical Data).

4.2.3.3 TV Boresight

The following Boresight shifts were measured:

Y = .0002""

X = -.0012"

A .OOU6" displacement can be attributed to the "C" tool thermal

characterization. Therefore, the absolute measured values are:

Y = .0002"

X = -.0006"

This shift is well within the published requirements of - 0.002.

4.2.3.4 TV Focus

A focal change, displacement f = .0013" was observed.

(See Appendix A-6 for Actual Optical Data)

This shift is well within the published requirements of 4.0%.
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4.2.4 Boresight VIS/NIR Results

4.2.4.1 VIS/NIR Boresight. The CID camera is an array of pixels

separated in the X direction by .0018" and in the Y direction by .0014".

The boresight displacements were measured to be:

X - 2.0 pixels x .0018" * .004"

Y - 11.2 pixels x .0014" = .016"

In angular measurements this corresponds to:

X = 33 mlcroradians

Y = 131 microradians

The "A" tool temperature characterization accounts for 29 micro

radians in the X direction, therefore, the absolute measured values are:

The required boresight accuracy is + 0.062 mrad.

X = 4 microradians

Y = 131 microradians

Preliminary data analysis indicates that this shift will not

render the VIS/NIR unusable; however, it will be necessary to establish the

VIS/NIR boresight immediately prior to use of the collimator for TPS pur-

poses. This will provide a "snapshot" of VIS/NIR alignment in the same

temp. environment which the TPS will be run and serve as the basis of a

relative measurement of UUT boresight shift.

30
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4.2.4.2 VIS/NIR Focus

Preliminary data reduction of the focus data taken shows an

irregularity in line width change over a continuous focus lens drive com-

mand; therefore, precise temp/focus shift conclusions cannot be made at

this time. The cause of this irregularity cannot be immediately

determined. Preliminary examination of data indicates that the focus

stepper motor may not be executing properly; this is not believed to be a

temperature induced failure.

MMC engineering will continue to investigate and take appro-
priate action to resolve this item.

(See Appendix A-6 for Actual Optical Data)
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APPENDIX A-1

TEST PLAN

E/O AUGMENTATION ENVIRONMENTAL TEMPERATURE TEST
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TEST PLAN

E/O AUGMENTATION

ENVIRONMENTAL TEMPERATURE TEST

1.0 TEST OBJECTIVE

To perform environmental, temperatureverification and qualificption tests

on the TADS PGSE Electronics Station and E/O Augmentation which will generate

performance characteristics as a function of temperature for engineering

evaluation.

2.0 TEST METHODS

The test methods employed will be a combination of automatic tests (Aug-

mentation ATP), manual electro-optical tests, and electro-optical algorithms.

All tests will be performed at 65 + 3°F and 90 + 3°F. The verification "dry

run" test will constitute performing the Augmentation ATP and all E/O Bench

focus and boresight tests. This will provide an indicator as to the performance

of all test fixtures, test chambers, E/O Algorithms, and the overall test strategy.

It will also identify any areas which need reevaluation or redesign to provide

the required test data.

The temp test will be performed approximately 1 week after the verification

test.

The E/O Augmentation is divided into the following sections:

a. Electronic Station

b. Visual-Near Infrared (VIS/NIR)

c. Optical Signal Generator (OSG)

d. Far Infrared Station (FIR)

e. Optical Signal Analyzer (OSA)

The E/O augmentation will be tested as a whole unit by the performance of the

Augmentation ATP. Also items b, c, d shall be tested individually to determine

focus and boresight performance characteristics as delineated in this test plan.

2.1 ELECTRONIC STATION

The Electronic Station will be evaluated by the execution of the Augmentation

* ATP, Drawing Number 13082803.

2.2 FAR ITFRARED (FIR)

2.2.lElectronic characteristic of t Fe IR Module will be evaluated by performing the

ATP.

33
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2.2.2 BORESIGHT MEASUREMENT

U To determine the amount of temperature induced boresight shift, tool "A"

P/N EZ8-082787A which has been temp. characterized for alignment will be

used. This tool, which mounts to the FIR in front of the optical aperture

will view an externally illuminated FIR target. The amount of temperature

induced reticle shift will be measured and recorded.

2.2.3 FOCUS MEASUREMENT

Focus shift will be determined by viewing the FIR target through the 'A'

tool and recording focus positions at temp. extremes.

2.3 VISUAL/NEAR INFRARED (VIS/NIR)

2.3.1 Electronic characteristics of the VIS/NIR will be evaluated by the

performance of the Augmentation ATP.

2.3.2 BORESIGHT ALIGNMENT

' 2.3.2.1 UUT OPTICAL PATH ALIGNMENT

The UUT optical path is evaluated by projecting the reticle of tool EZ8-

I 082800A onto the internal CID camera. The output of the CID camera controller

will be evaluated by a software algorithm to determine relative alignment shift

• between temp extremes.

2.3.3 FOCUS

The VIS/NIR 'UT optical path focus shifts will be evaluated by projecting

. a slit-from an external collimator onto the internal CID camera. Focus

changes will be measured utilizing an E/O Algorithm which evaluated the CID
-. camera controller output. These changes will be recorded between temperature

extremes.

2.4 OPTICAL SIGNAL GENERATOR (OS6)

2.4.1 Electronic characteristics of the Optical 5.gril Generator shall be

evaluated by the performance of the Augmentation A[P.

34
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2.4.2 BORESIGHT ALIGNMENT

To measure alignment shifts of the two optical paths, test tools EZ8-

082798C, K&E telescope model 71-2022, corner cube prism, traveling microscope,

and parallels will be used.

The temperature characterized EZ8-082798C tool is mounted at the T.V.

optical port. The OSG target image is superimposed on the (cross-hair)

tool and viewed using the traveling microscope. Image shift is recorded be-

* tween temp extremes.

The EO Mux optical path is measured by auto collimating off a co; Ier cube

* prism mounted perpendicular to the EO Mux mounting pins (via parallels). The

OSG image and corner cube are viewed in the K&E telescope. Relative image

*. shift is recorded between temperature extremes.

2.4.3 FOCUS

Focus shift will be determined by viewing the OSG image with the K&E

telescope and traveling microscope focus positions are recorded at temp

extremes.

* 2.5 OPTICAL SIGNAL ANALYZER (OSA)

The OSA will be fuctionally evaluated by performance of the Augmentation

ATP.

3.0 TEST EQUIPMENT

3.1 TEMPERATURE CHAMBERS

Two environmental test chambers will be utilized. The first test chamber

will be capable containing the complete electronics station and L/O Benci,

while the second will be used to temperature characterize the special test

tools required.

3.1.1 E/O AUGMENTATION TEST CHAMBER

An enclosure will be designed and constructed which will house the complete

Electronics Station and E/O Bench. It will be capable of maintaining the

equipment under test at a constant 65+3 0 F or 90+3 0F. The enclosure, while main-

taining the desired temperature profile, will allow the test engineer access to
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the Electronic Station and E/O Bench to connect cables, perform E/O tests

n and perform any maintenance required.

3.1.2 TEST TOOL TEMPERATURE CHAMBER

This environmental test chamber shall be capable of maintaining a constant

- 65 + 3*F or 90 + 31F while test tools are being evaluated as to focus and

boresight changes. It shall have provisions to supply whatever power and

cabling is required, while maintaining the desired temperature profile.

3.2 BORESIGHT ALIGNMENT

The following tools will be used to evaluate the Boresight shifts over

temperature of the UUT indicated:

Test Tool UUT

Tool A EZ8-082787A FIR
EZ8-082798 C OSG TV Optical Port
K&E telescope model 71-2022 & Corner Cube OSG Port
Tool A EZ8-082800A VIS/NIR UUT Optical Path

5 3.3 FOCUS DEGRADATION

The following test tools will be used to evaluate focus changes over

temperature of the UUT indicated:

Test UUT

* Tool EZ8-082787A FIR
K&E telescope OSG-EO Mux
Tool A EZ8-082800A VIS/NIR UUT Optical Path
Traveling Microscope OSG-TV

4.0 INSTRUMENTATION

The E/O Augmentation Test Chamber will have thermocouples installed at

locations thermal analysis dictates necessary. Once installed all temperature

outputs will be monitored to verify the temp of both the test chamber and

equipment under test is maintained within the specified temperature windows.

5.0 AUGMENTATION - E/O BENCH

The data obtained by running the Augmentation ATP will be utilized as

the baseline data for the environmental test. Initial focus and boresight

data paintsat room temperature will not be taken due to the small temperature

differential between 650F and room ambient.
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5.1 TEST TOOLS

All test tools which will affect test measurement accuracies will be

temperature characterized prior to the verification test. This characterization

shall consist of placing the tools in the tooling environmental test chamber

and measuring boresight changes over the temperature range of interest. This

*. data shall be recorded and utilized when characterizing the augmentation.

. 6.0 DATA ACQUISITION AND REDUCTION

- 6.1 ACQUISITION

Data will be acquired in three fashions:

1. Computer Printouts - The results of the Augmentation ATP and the E/O

Algorithms will be recorded .via the computer readout.

2. Engineering Records - The data obtained by man in loop readings, such

as measured boresight shifts and calibration data, will be recorded

manually.

3. Data Logger Printout - The temperature profile of the environmental

chamber and E/O Bench will be monitored and recorded by a fluke

data logger.

All pertinent data will be recorded and documented for inclusion in the

final report.

7.0 GOVERMENT FURNISHED EQUIPMENT

The GFE will consist of a TADS/PNVS Augmentation Unit - P/N 1308-2808-19

(E/O Bench and Electronic Station) S/N 0003.

This unit is provided on a rent free, noninterference basis. The unit

remains accountable as Government Property under Contract DAAK50-80-C-0014.
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E/O AUGMENTATION

ENVIRONMENTAL TEMPERATURE TEST

DATA SHEET

650F 90OF

1. FIR MODULE

* ~~~A) BORESIGHT_______

B) FOCUS_______

C) ATP _____ ___PASSED

2. VIS/NIR MODULE

A) BORESIGHT__ _____

B) FOCUS_______

C) ATP _____ ___PASSED

* 3. OSG

A) BORESIGHT

TV________

ED MUX______ 
__

B) FOCUS

TV________

ED MUX______ 
__

C) ATP _ ___PASSED

4. OSA

A) ATP ________PASSED
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APPENDIX A-2

ACCEPTANCE TEST PROCEDURE COMPUTER PRINTOUTS CHECKSUM PRINTOUT
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-I T 1: o/17/63 1 o .J 3 3.1 1AL Y tiiIAS/rV
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**mEA5 LAL APPLEI
**S71V CAL AI'9-LLU
iR' F STATIUN' CAL APIPLIEU
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PRbkM u-PLL .blCAIbA KIuiJ~j4 STATU

**(kIbINiAL SYSIEM L.AL APPLIE?
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CAfN.LtA SYU4. b1fiAL lI)K itIid;iN EtxkAk.

+CWOSS = 558.b -LkibUb 635.5
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TEST uF CViUEU S1614AL

VlvEU SIGN~AL b~iIkA16K FAILEO k IST(S).

.6 .96



OUl PWI~JI-Aiv: USlAUAiF.lL CUfN'1L.LO UN: 2S-UCT-62 10:13:141
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*UN16INAL SYSTLm LAL APIFLIEu
** IiAb LAL APPL1ILD
5111,1i CAL API'LILU

NU RF STATLUiN CAL APPLIL.U
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*MLAS CAL APPLIEU
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L A L I b kA IIUw S 7AT u S

-,IE'AS CAL AIPPLILU
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**MEA, CAL APPLIED 5
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hvU Ri STA11UN CAL APPLIED
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WO i S7ATIUN CAL APPLIED
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L A L I bkA 71 UN S1 ATLUJS
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- Uv- Tit'.r ,,Ylo, ttV 7.u? -ulbL .IUl 1.3-A% h,2
ehUA Loo PILELu u J 1,6 A ILAS i-eLVliO)N o . v

C AL1 b kAT I UN S IA T U
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**MEAS CAL APPLIEI)
*SliM CAL APPLILU .

1,40 RF 81A1IU1% CAL APPLI.LU
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**KEAS CAL APPLILU
*SlIm CAL APPLIED

iU RF STATION~ CAL APPLIED
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L AL. Il A I i U S IA TU S
**urilGIIAL SYSIEm. CAL APPLLILI
** iCAS CAL API-LItU

** I.M CAL APPLItt)

i.L i'F b'IATu'.d CAL APPLIED

LXITI',i iL i<A4OIoi'1IfR WAbStJ) ALL ILSIS
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- Ul\ llI: 5YbIL.- hLV (*qJ( -- iW.L i.It, 13-AUio-62
FkirhJbKAN LOP'iILLeJUIN. ArFLAS NtVlblU'.: b ,U 7

CA L 1 kA TI U S TA IU S
*a u NfAL SYSlEm CAL APPLIED
** iAS (,AL APPLIE)
*bJI. CAL APPLItU
4oq STAIOWq CAL APPLILL)
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-. ~ ~- I r~t i L -t v r 7 o? -- L;IL L. 10 1 AtI,-c2
Pk'*JUbAN-i Lu .iLLO libij':k>, h[ L46i KEV1Iio: 6.u7

K CLAL JbRATJ(Jvj STATUS
**UH1(IIkAL SYST~ii CAL APPLiIED
*M1AS CAL AP'PLIEU
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1\40 RF STAT1O4 CAL Ai-PL1I.D
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I t 5 T L /1l7/b3 135S1b ub,1'~L SYbrE'i IAUS/PPNVS 'I

I C A L I b H A 1 i A ST T U S
**ut I(4IJAL SYSOLNi CAL APPLLEI)

** S CAL APPLIto

diu KF S1A11Uij CAL APPLILU

UL tX I tt.4L LANt-r"(A t4AS,'tU ALL TESI S
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Ttbsitw: t,17/o3 i3:54:etb W)1id SYb6t2N rAoS/PN~VS 4

Kl- l it Sslti1, htv 7.Li7 -- ituL ?.1() 1-5-AUL-t0e

L A L I ii~ A T I U '~ S I A I U S
O*(t 161ViIL 5YSJLM- CAL APPLIEU

** NAS CAL APFLILI)
.5 1 1 M CAL APPLIL1

iau hF 5 TA I fJ CAL APF'LILL)

br-V Nt E knu-, Jw~~ F j, TAL tr f : tiCv I li-Ekil1

L
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- - xkill. Tiri NYs L~rt.V 7 .o7 -- LL;L e. 0 I.5-ALk,-d2
t*tkr~',4m LA-t-ILtU uSliL AILjVS K~J1p, b. u7

C A L I bt A TI U . l' A T U S
WeIGNALSYSEM AL APPLIED

vrEAS CAL APPLIEU
511Slm CAL APPLIEU

;YO RF SfATION CAL. APPLILD

UL LASEII HA65 0 ALL TESIS
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HS1L: ~I7,~33:~: ~ublI;46 SYSTEmi TADS/PAVS 4

- i T Ii't bY. -L rtr. 7.0'1 -- ttL e.10'1-W~b

Ot(JiI(IINAL SYSILJA CAL APPLIL)
~*itAS CAL APPLILD
6* 11m CAL AD'PLIC.U

ijj t F 8 1A 11ION CAL APPL ILO

Jr-~IDL tAv1V,:- IEFR PASStL, ALL TLSTS
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LCAL 1I A TI U N S TA T uS
** .P 1611IAL SYSIEm, CAL APPLIED
** -iAS CA6L APFLIEU

**STIM LA~L APPLIED
i (j RF STATION Co-L AiP'fLILD
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TEMP. CHARACTERIZATION/EZ8-082798C

U
DATE: August 15, 1983

TEST CONDUCTOR: Joel C. Tollefson

1.0 TEST EQUIPMENT

Item Source

Traveling Microscope ---
Thermal Chamber MMC
Test Stand (Invar) MMC
Heat Gun ---
Temperature Probe Kane May (EQ729493)
Optics Table MMC

* 2.0 TEST PROCEDURE

2.1 Set up the test equipment per Figure 1. Cool the tool in the

chamber to 65F.U
2.2 Procedure

2.2.1 Position the microscope such that the cross hair of the

-- EZ8-082798C tool is aligned with the scope cross hair.

2.2.2 Record the microscope's reading as a reference measurement

and using the temperature probe, measure the tool temperature. Record all

data on the data sheet.

2.2.3 Bring the tool to temperature of 900F.

2.2.4 Repeat procedure 2.2.1.

2.2.5 Record the microscope's reading and the tool temperature

on the data sheet.
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3.0 S JNYNA Zy

S3.1 kecorj on the data sheet the total linear deviation and the

temperature fo', each test.

" Traveling Microscope EZB-082798C

. .~ Test Stand

OPTICAL TABLE

. T

FIGJRE 1 Test Equipment Set-Up

DATM SHEET

P:" E RECN: MEASUREMENT fl HIGH TEMP. MEASUREMENT

Test fNo. Tem: Verticle Horizontal I Temp V erticlel Horizontal I
K:! I I I I

1 61:F .8031" * .8025" *

DATA SUMMARk:

Measured Measured

aSt 1o. LT Deviation Deviation

25 .0006" *

, a=C to oc raasured, and therefore is deemed to be

fsignature Date
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TEMP. CHARACTERIZATION/EZ8-082800A TOOL

1.0 TEST EQUIPMENT

Item P/N Source

Auto collimator alignment scope 6D Nikon
Temp. chamber -- MMC
Data logger 2240C Fluke
Thermocouple Type E7
Thermal source S-1.2 Thermotron

2.0 TEST PROCEDURE

2.1 Test Set-Up

2.1.1 Set-up test equipment per Figure 1.

2.1.2 Attach 3 thermo couples to EZ8-082800ATOOL and 1 thermo-

couple to chamber interior. Record position of thermocouple on the data

sheet.

2.2 Procedure

2.2.1 Focus scope of EZ8-082800A tool to infinity.

2.2.2 Low temp. 65° +3F

2.2.2.1 Position the alignment scope such that its reticle

coincides with the EZ8-082800A reticle. Record any misalignment as a

reference measurement on the data sheet.

1
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2.2.3 High Temperature 90 + 3*
N

2.2.3.1 Increase the chamber temperature to 90 + 3F and soak

for 2 hours minimum or until temperatures stabilize.

2.2.3.2 View the EZ8-082800A reticle through the alignment scope

and record the reticle deviation on the data sheet.

2.2.4 Record the total measured deviation on the data sheet.

1

U.
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DATA SHEET

2.1.2 Thermocouple Position

Channel 1 - Base of the leg holding the end of the scope

Channel 2 - Near center of mounting base

Channel 3 - Chamber ambient position

Channel 4 - Center of scope

2.2.2.1 Low Temp.

Temp. 63.7F
Reference Measurement: 10 secs.

2.2.3.1 High Temp.

Temp. 89.8°F

Measurement: 13 secs.

2.2.4 Total Measured Deviation

= 3 secs.
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Temp Characterization/EZ8-082787A Tool

U1.0 TEST EQUIPMENT

Item P/N Source

alignment scope model 81 Brunson
stand Nikon

adapters --- MMC
(scope to stand DIA)

temp. chamber --- MMC
temp. sensors --- MMC

2.0 Test Procedure

2.1 Test set-up per fig. 1

2.2 Procedure

S2.2.1 Focus scope of EZ8-082787A tool to infinity.

2.2.2 Low temp. 65" + 30F

m 2.2.2.1 Position the alignment scope such that its reticle

coincides with the EZ8-082787A reticle. Record any misalignment on the
data sheet as a reference measurement.

2.2.3 High Temp. 90 + 3F

2.2.3.1 Increase the temp. chamber to 90 + 3" and soak for 2

hrs. minimum, or until the temperatures stabilize.

149
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Page 8 of

2.2.3.2 View the EZ8-082787A reticle through the alignment

telescope and record the reticle deviation on the data sheet.

2.2.4 Record the total measured deviation on the data sheet.

I15
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DATA SHEET

p
2.1.2 Thermocouple Position

Channel 1 - Near scope, on the leg supporting end of scope

Channel 2 - on the 1" thk baseU

Channel 3 - in the chamber

Channel 4 - on the center of s.ope

2.2.2.1 Low Temp.

Temp. 64"F Reference Measurement = 3.5 secs.

2.2.3.1 High Temp.

Temp. 91F Measurement = 1 sec.

2.2.4 Total Measured Deviation = 2.5 secs
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TEST STAN D

MATERIAL. IMVAK.

QUANTITY: 3

I:.: Sketch 001

155



4 79,2 4 8,2 'I

3 67,3 IF 3 695 IF
2 640 I 2 679 IF

4 77,8 1 66,1 IF 1 643 IF
3 63,6 IF
2 706 If GC 00 000000
1 697 IF 186:16" 2:12 188:17:02:12

000000

iBE :16:02:12

* 4 79,7 I 80,1 "F

3 66,8 I 3 69,2 IF

CAon2 65,8 IF 2 67,7 IF
1 65,9 I 1 68,0 I

000000 0COO.
18b:16:27:12 Ibb:16:57:12

4 78,2
3 63,8 I 4 79,7 IF 4 798 7
2 74,4 IF 3 64,2 IF 68 IF
1 74,2 IF 2 65,6 IF 2 67,3 IF

1 65,7 IF 1 67,7 IF
0010000

188 :15:57 :08 OOOO0 O000OO0
188:16:22:12 168:16:52:12

N
4 79,1 IF 4 79,7 '

3 65 ,8 " .. 68,4 IF

2 66,2 IF 2 6649 IF
479,1 IF 1 65,9 IF 1 67,3

3 65,6 If
2 7 ,2 IF 000000 0 00000
1 742 I 188:16"17:12 188 :16 : 7 :12

000000
1 6:15:53:59

4 768 I 4 794

3 65,1 IF 3 6%0
2 67,0 IF 2 t,45 IF

1 642 I 1 648 IF
-" 000000

18 e : 15 : :7 C00000 oooooo
168:16:12:12 18 E,:16:42:12

4 749 IF

4 b2 IF 4 7%4 7 4 79,5
3 7,5 Is 3 6 4,? IF 3 67,7 -F

2 81L2 If 2 642 IF 2 6,2 I

1 83,5 If 1 67,3 IF 1 645 IF

000000 cuccoo ocoooo
188 15 :5 0 :07 1 F 6: : 1 2 18 b :16 37 :12
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II

3 80,2 IF

4 e 0,7 If 0 c00

3 79,8 IF 189 :10:0 6:07
2 80,5 IF

DcCc co 4 80,7 IF 76,2 -
189:0 9:2 712 3 80,3 IF 3 791 IF

2 bl 0,1 I 2 743 If
1 60,2 IF 1 77,5

C. 00000 000000
189:09:58:06 189:10:48:08

4 77,~3 IF: 4 77,~9 -F53 < 59,6 3 79,7 IF
2 7ZO IF 2 742 IF
1 75,7 IF 1 7 ?,0 IF

000000 c N0 0 0
109:09:48:08 189:10:36:07

b b1,6 IF 4 79,5 IF 4 77,6 IF
383,5 IF 3 65,3 IF 3 79,7 If

2 7 0,5 IF 2 ?7,~2 IF 2 78,0 IF
1 7k 3 IF 1 7 Ej8 IF 1 746 IF

COCoo00 GOOC0 0 0 0 ( 1
18E:17:12:12 189:09:38:07 109:10:2b:C7

4 SQo' 60,6 IF 4~ 6k3 IF

3 696 IF 3 79,2 IF IF0

IF -

2683 IF 2 80,5 2 6 k I
1 6%6 1 60,4 -F 1 e L2 IF

oc000000 00-000 "COCI0C
1 8 61 7 :07:1 2 169 :0 9 2 b C3 189 10 : C 7
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tA

CO0000 O000000
m 189 11*52"' 46 189 12 17 4 6

469,1 F 4 6 (2 "F
3 < 59,5 I 3 61,9 -

2 639 IF 2 62,6 -
1 671 - 1 646 I

00000 C, 0 0 0 0onco

47? 189:11:52:46 189.12:V7:46

47, IF1 9 14 4 69 ~ 16 9 24 6 2

.33 6 F1

2 68,1 I2F-
1 7%4 "F

2 67,9 IF1 ;0 I

-"2 7ZO0 I
1 74,2 IF

4 7,O IF 4 67,1 --00 0 0 0 5,9 *1 3 613 F

1"9 11 731 2 6 4 I 2 63,0 I
I 701 I 1 65,3 IF

000000 ooooo
189:11 :32:42 169 :12 :02 A46

7 7,8 b - 4 7 6 IF A 67,7 "F3 ( 3 68,2 IF

2 7,1 F2 9,2630 -

1 77, N~

" 716 I 1 65,7 -.

000000 00 0O000
169:11 :2:'2 9 189:11 57 :46

7 "TO'L- 7e, g 55 +,
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I FA TOOL)

LOW-O TW7 Me-1

4 649 IF 6,2 IF 4 770 IF

3 63,9 3 855 3 8 9,4 "f
2 63,4 IF 2 7,4 Is 2 60,8 -F

m 1 63,9 IF 1 67,9 I 1 7%5 7

Oooo0 0,10000 C00000

189:12:40:58 199:13:06:03 189:13:3 1:0 3

4 6,0 .F 4 6b,2 " 4 76,1 IF

3 63,6 IF 3 78,6 " 3 88,9 "

2 63,3 If 2 66,9 If 2 79,5 I
1 64,0 IF 1 65,6 N 1 766 "F

000000 00 000 000000
lb9:12:37:46 189:13:01:03 189:13:26:03

4 65,1 F 4 65,3 I 4 74,8 II3 63,4 IF 3 7ZO IF 3 8 E4 IF
2 63,2 IF 2 64,9 IF 2 781 If

1 640 IF 1 645 -F 1 75,4 IF

cc-cooo onCooo ooooo
189:12:32:46 189:12:56:03 189:13:21:03

4 b 5,3 IF 4 6,k9 IF 4 73,0 IF

3 E3,2 I 3 662 "F 3 878 I

2 631 IF 2 63,8 2 767 I

1 641 IF 1 64,0 IF 1 7 If

'[L'CJ, OO0000 O0000
16P-9 2 • 2 7 4 ,6 189 :12 :51 :03 189 : 13 :16 :0 3

4 65,5 4 64,8 -F 727

3 6Z8 IF 3 6 t1 3 847 "

4 629 IF 2 63,6 IF 2 74,4 "F

1 64,2 Y 1 640 IF 1 7,0 I

C r'. C0 C 00ooo0 c00000

i E 12:2:26 1 e :12:46-3 1 1:13:11 :03
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*-.--- -i -, -, - -- - - .- . . . , =- ' -. ..' • - -.- .- - - .

3 93,~5 IF

2 9Z1 -F
1 90,3 IF

4 8,0 IF , 849 ) 000000

3 91,I "F 3 > 954 IF 169:14:46:03

2 85,8 IF 2 89,9 IF

I B,5 F 1 8 ,1

000000 C010000

169:13:56:03 169:14:21:03

4 898

4 6Q9 "F 4 840 I 3 9,6 IF
3 90,9. -F 3 949 IF 2 921 IV
2 85,0 " 2 89,3 IF 1 89,8
1 816 IF 1 841 "F

ocodooo

000000 Ocoooo 189:14:41:03

189:13:51:03 189:14:16:03

4 89,3 "
A 8QO " 4 8,0 IF 3 94 '

3 90,7 IF 3 9 f 2 91,9 '
2 64,0 F 2 88,2 I 1 89,4 -F

1 8Q6 F 1 85,1 IF

000000

O0000 000000 189:14 :36"03
139:13 :46 :03 189:14 :I1:03

U

4 78 #4 I 4 183,9 IF 4 6%,6 IF
3 901 -F 3 91,6 I 3 > 95,8

283,0 2 87,2 IF 2 - 91L4 IF

CO0000 000G00 000000

189:13:41 :03 169:14:06:03 169:14:31 :03

4 77,5 4 " 4 8 9 4 7,8 -

3 89,7 - 3 91,5 3 > 95,5 N

2 61,9 IF 2 845 IF 2 90,7 IF

1 7 ,4 IF 1 8,3 1 8,9 -F

3t10000 Ooocoo 000000
189:13:36:03 189:14:01 :03 189:14:26:03
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It

4 91,6 

3 91,3

4 91,7 IF 2 91,3 "
3 S,6 IF 1 91,3 IF
2 9zo "
. 9k3 " 000000

:189:15:35:47m 000000

189 15 1 1 0 3

4 91,6 IF

3 9 k 5 IF 4 9%6
4 9L,6 IF 2 91,4 -F 3 91 *

3 920 IF I 9 3 I F 2 ,3 -

2 92,1 IF 1 91,3 "I
1 9L2 I ocoooo

189 :15:30 :47 000000
0000OC 18 X.15:45:47

169 :15 :06:03

4 91,7 IF

4 91155 'F4 91,5 " 2 916 IF

39Z8 IF 1 91,4 IF

2 923 I0
1 9,2 IF oo0o 0

189:15:25 :47
000000

189 :15:01 :03

4 91,7 IF
3 91,4 IF

4 91,2 I 2 91,7 I

3 9,6 IF 1 914 -
2 92,3 IF 4 91,6 I
1 909 I 000000 3 91,3

189:15:20:47 2 91,3 N

000000 1 91,3 I

185:14:56:03

00000
189:15:40:47

4 9,8 -F Tr( -t" P "1"
3 93,6 IFj.C
2 92,2 IF

1 90,6 IF 3 91L6 ~ ,2~fj~7'~.-:..~ ~~~~~ z ,o,- " 8- 067- 77A

000000 u 000D
189:14:'51 :03 189:15:15:43
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4 63,7 IF

4749 IF 3 640 1#-
3 63,6 IF 2 62,7
2 71,2 N 62,8 -

7 711 IF

4 670 IF 000000

00000 3 < 57,9 " 189:18:06:06

189:17:16:45 2 62,7 -

I 6Z,7 IF

000000 4 638 If
4 76,3 189"17:41:06 3 636

3 651 IF 2 621 IF

2 7,3 IF I 62,5 I

1 73,0 IF
4 68,3 IF 000000

000000 < 56,1 169 :18 :01:08

18 9:17:11:45 2 640
1 640 IF

*00co0 641 IF

4 779 IF 189 17 36 :08 3 63,9 IF

3 643 IF 2 6t4 IF
2 75,8 IF I 6k7 IF
1 755 IF

4 700 IF 000000
000000 3 < 5'7,t "F 169:17:56:0 08

169:17:06:45 2 6,8 IF
I 65,7 IF

000000 4 64,5
791 IF 189:17: 3 1 04 3 < C , .

66,7 IF 2 61,0 

2 7042 16k2 '

1 77,7 IF
• 716 IF O0000

000000 3 < 846 IF 1,89:17:51:08
189 :17 :01:45 2 677 '

1 67,6 '.

000000
189:17:26:45

80. -F ' 4 73,3 IF 4 65,5 -f
3 75,5 IF 3 628 'P* F. *

2 80,3 IF 2 69,4 Is 2 61 L4

1 80l ' 1 69,3 IF 1 61, 5 'P

o o .ooCo 000000 000000

19:16 5 6:A0 169 :-1 ?:21 :45 1 E9 17 4 6 0 t

v[ /A/e fToo~
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A 63,9
3 63,2

1 1 63,6 -q u I F

000000 1 91O 0

189:18:31:08
000000

16 09:20:11 43

A 63,8 IF IIcu~,~
3 633 IF

1 63,7 I

1L3,a 69,1 I

000000 > 95,6I
189 :18:26:08 2 92,2

000000
- 189 "19 :41:43

7 9,4 I

4 63,9 IFA 63,9 IF3 3, I

3 643 3 631 " 8IF4 "e,,

2 63,6 IF 2 63,7 IF 1 848 -.

1 63,6 631o IF I-
000000

. 000000 000000 189:9:11:43
169:18:2 1:08 189 1:3 6:0 8

4a 63, 7 3 7k2 IF

3 643 IF 0 2 644
2 6 o " 646 IF
1 63,3 IF~ t-/~c~v' L/

1 634 I E2 -0""00A7WL000000

00000ooo 71T- 189:18:40:39
16918:16:08

4 643I

4a 636 IF 3 69,2
3640 IF2641

2 63,0 IF 1 64?2

*1 63,1 IF G ) 00

189:16:11:08 191:94
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i I

4 89,9 IF 4 698 I F 89,8 IF
3 3 897 3F 3 899 ",
2 697 IF 2 e9,6 If 2 8,5 -F
1 89,7 IF 1 89,6 F 1 89,6

cOooo 000000 00000
189:22 :1 :43 190:01 :1143 19G :03 41 :43

4 89,9 I 4 89,9 " 4 89,9 -'
3 69,7 IF 3 89,7 IF 3 69,8 "F
2 89,7 IF 2 89,6 I 2 89,7 IF
1 897. If 1 89,6 " 1 89,7 IF

000000 000000 .Ccoo0
169:22 :11:44 190,00:41 :44 190:03:11:44

4 9,1 IF 4 89,8 ", 4 89,9 '
3 89,9 IF 3 89,7 IF 3 89,9 IF
2 89,8 I 2 89,6 Is 2 89,7 IF
1 89,8 IF 1 I 89,7 .

000000 000cO0 00000C

189:21 :i :44 190 :00 :11:'3 190:02:41:43

" 9 0 3  IF 4 9,9 4 89,9 IF
3 9Q1 3 69,9 , 3 89,7 IF
2 89,9 IF 2 69,7 , 2 89,6 IF

I 89,9 .1 97 I69,7 IF

000000 O0000O ooc
19 21 :11 :44 189:23:41 :44 190:02:1 A4

4 90,6 IF 4 89,8 -v 4 89,8 ",
3 899 I 3 89,8 ", 3 69,8 -F
2 90%1 "F 2 89,6 "F 2 %6 9,6
1 9,2 I 1 69,6 I I 89,7 IF

O000O (.00000 O00000
Ie9:20:41 :4 A 189:23:11 :43 190'01 :i :4 3

164



3 8 9,7
2 895 '.

1 89%5

, 000000
190 :09:11 43 4 89,8 IF

3 90,1 I
2 89,6 IF

1 89,7 -

4 89,7 I 4 69,6
3 695 IF 3 89,8 IF oooo

2 89A4 IF 2 895 -' 190:09: 4 :46 ."
1 89,5 6 9,5 -F

000000 000000

190:06 :11 :4 4 190:08:41 :4 3

4 89,8 IF 4 e89,7 IF

3 8907 If 3 89,6 IF

2 89%5 -F 2 69%4 -0f/~
1 69,6 IF 1 69,5 -f

600000 000000 .,(A

48 sq8 f 4 896 I F-
3 89,6 IF 3 69,5 IF)

2 89,5 IF 2 8 9,A IF

1 695 IF 1 69, , /6// ".,s' __

o0oooo 000000 9 4ooo
190:05:1:43 190:07 :1:43 1

A 69,7 IF 4 89%7 IF"

3 69,? IF 3 89,6 IF
2 89,5 2 89,4 IF
1 69,5 1 89,5 f

0,V-0 0000 000000

190:0:&1 :44 190:07:11 :44

1 89,4 IF

A 89,9 -F 4 69,7 IFcoo
3 89,8 - 3 89,7 If 190:0*9:39 :44
2 89,6 IF 2 69,5
1 89%7 - 1 89,5

0 0 0000c 000000

19 0:o :11 43 19 C 06 41 :43
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'v0 c

226:12:24:2r 13I C5 4

246 1 3 :19 2 6 :1 4

226A:12:1 :C 1 59 . I 119,5

2 2" 2 6 1 3 . 2: - 2 2 6 14 :20: ?

6 0, 0

2 2 6 :1214 I5

.. 1 0 4 7 IF
S22 :222 : 9 : :i

10 69,7 I 26:12 :; :2C 246:1 7 42

Sq3 ,F CAI JKfr, V -

. -. ' CDO L

*w IT-)I ,

2- 2 1 .2r.
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-. APPENDIX A-4

* COMPUTER ALGORITHMS*
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tLi L~ I I L/A.a * itJL A L 1 .J)~

L hIZ' P- 00-p , Cl LLtLAIL lit I 'ItLA IIVL .I~ ~1It OF A t~til It vtkrfICAL LINE
viILr, ,ILL tOL lu.Atw it Tit bilk. ;itiskuKLi.i~i4 r',AL) AT ANU1HEH TEMP.
.-A bi liilS ALi,; LLAJ IL FUCLJS LhAIliL, CA',i UE UE3SEkVEDS

UL)LLAtL "'tAL'I.L h~.'AlJ ;ZA',StCA','bLLADSP','SECUVC',
0 * 1ART ''iVCLK', bY~,1TS,'UG-..IITE',

Aii 1 'I lIA L) L ) V L

E i r1 l C r Ii -i-~ A, LLS 'L I iqvS I UI II\CH

tic LL ~t'tL AM~' IL4h ll. bE IJCASEU L I ZI

L t

ki I~ I L14 n I i,- - . 'u I ,LrON Si

'Ll' )JLP qy1999 1!

A o It; 4 ti, I L' e 1

o ,r L A k)* 16f * -5!

4 rr =, 4i _j '-) 4

I A~ WS P +. t, LJ) b Si I* ZY 1 A R
0- 1 j L t 11 7 0? + t A 1 )

V ~ L L. + 1 t*~ I :~1 + L,~ V L L

o, tj L A ~ 1( L

I i2(6 1 1 b k L A Y' LL

't~f iE~ t.su I H: U L 'UV~'e
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t&jTi b ILr 1 uL IF CL.

L1bL A rPLAYwC IL I LK L-Gi I it:Ri U6U IF F /F- ILTLk OLFOCUS I)CSh-UTTER

2=Uf-F 2=Tv Su Luu N ) 2= )U T 2=CLUSEU'S

Ii F. Fit-i I'1 I btlLI-CTS TIrit DEVILL. I H
rib wI tut 11.'.1~ I't~ I- UjLI I ON

I* ~ I <' 9> IL; Ci'-,T I".LJL v jr-i 1 M-i E P, W, KA t,.
tL.Tt %t <1U> I(,-cXl f i-lE P'<UrqA', ."

C u!-T At

LL - ( S i Lr' c? k) i U il,$

3~ ~ ~~" rwl I-'cU1 t

L1 ll t It- 1bt U 1EF tU

Cc P u A - E L

i,Ul1 to - ci'95;ll U lY

r~T E- LQ k 4U

iOt ITE Le~q IF o$

CL UbEP1u



A -P-LY 1'1,h.L A ~uI VuPLTALL U.OVt
F~' VL v1* 59 1 r't I 1,I1. 0 11)Y .5b THENls

6 I'L rL'L -bJY.AL [IC20r, 'OL IAGEt ' VL F V$
(' L AY .5 btCz,

Eii FCt

21 V?1O bIl E ItI40b 'AtlbVtII1L',"u(LA:-iP,uFI'S$
A1+LY IJL-,ItbIAL iLc2t., VL1M~t (J.UVi

* L;UTU SltA- 1)US

iJ Ii ILr' 15 IL

e14 V 1 II lrP I u

U0l L10H~c Zhltt- 1 0

2 V r1It 1'4'0 'ALU_,A JTIE' "L'CbL;IT,f0S=1".I

2 7 0 1 t 1A 11056

L)Ia ,LA L 'I 4 t- tLTIL ivL AULl) iUi iiiiI~ t lAbI P5(01h.$600"

I L 1 o L u IIt 6 DCFU P="

L ('~*I I * S1 1 u1

*~ V, I I E 104Ah Ac U-L,, ri I I ',LPL bL P05, A1I,11UNA,,A~,1

P 9 1ri t'J A Y L .~r L 1 '' TrL

,.,'Ii oi~'- AL" b''mI E LF "A L,,A L t IN 1 4 1 v 0Y k ,M A2 1, 0, :T(W A" FIL

Wk 1NTE I U 4 8 *AUG-',,R IT F "uCLLA m, \I A 1I f ST t T L N12 U, 8rTUPL N=12o0 r 172



t x - I- > 1

I,.1t ]I A , L., i. tl 1 ',"C L A 1, =3,i'., 1=2,fiL)VLF,.IAT=2t MAI=1,II VE p p
' A, I = I , L:,' -v ,,uJZ C P I, L, tU I " -

oi tuC0.'- t.L i"' I ,Erj Ui

Lt. b0 tt-' 6 u IF 6U$

C Tr Ll..F v r 1) ,h :r14b0 k:WE % I E 2 I TI, E Ir UU-6ri LUUP SU AN AVE-RAGIE CAIN BE MAUL$
• ,' 1" 111t lIu~eo M U y' I[t', CALL,M.AI1t,1e, 3,-LkLibb,CPTIR,UUT"$

NIk, L iL. j'4 0 dt- ,Ul ", ALI _V

lv~~l I Er i ',

6 "hA1 1 ' *1* r i r ., 3 u (

P o( t- .i, ~ r F(L 0F 0 L,_ O;

L U [ L, I J I 1 UI

,L, u ' I

C, 0 L I I

L t K L, 1EL LAIV-,J L I D 1i H an F p

NLLI '.f , *.' "- "e~" t ; UAra.,P E TA ii.
b , U " L,. ;.I,, L L

,7',I ( 0C t, " I O h

I II <hlt m-- GCt("> I O J, iw .

k~~~~~ 0 -L '1

7 4''- . l . I'- E .'
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I L L~ I t- 3. 1 it L OW I I t 53 0F A UHI~bbn-A i~b fIV IT EK b LC T I Uiq liT U
P-tKIr A , ,m L Z)1(4 1 l~bT I-ut< Ttit ]Ei-.etteLJHu lt.)lbS

IUtCLAIh. UL1'iL:-lL, 'AuG','A&IlbTA1','SLCAI','SLMLSP',CSECDVC',

n L-LSb R', 'x*uEVCL 'BZ rb, A0_YRla', 'J.A 't 1' 'AHX'

DELA~tUtC1.'GL,'Al 2X '4 v'- ,AAILY 'AT X1 '~AI 5X M2Y T

I) Sr, L Y C. 1 L

t.(r A <-1?> It; 1;t4b iriL A

L,.Ttl A1 I ' ME 0 r<L

.J t ,I t.r' ' I

r A En 'l IfU. 'U .. <~

0bI 1 UF SF'pU TASL ti eN CF I,~ F I;LUMI

I ,AI -EI ETLE CkUi 11~ U) bO 2NL~ETi H

t~~~kA L C'C~'L 4 13Y I H 10 X S0M~dXO

LI'~ 114hIT srY iS TOO Luvvg".

t i-- 1 r r ~ %lL R 0 1 iLI 1 '6,

I AITIt'I)b7iJc1.UT ' *(1, A' 2) 'X (3), 'X' (4),*XX'(5), 'X'(b),

e 3) L.'4 d '(,) etA* C) p xA e71 ' '(28),

x (3?6) x 3~ A 5~ ' '36) 'X ' (319), 0x A3) (41), 'X (35),

A "3 '' 3. (4~ ,4 X ' t45) ,1 - X t 4 t) , *(47 ) A *(4b) , X '(49),
'A (5c ) 'A' (91), x ' 5e) , 'x '*(53), 'A' ( '34) X A (55) , 'X '(5b),

X (5i7 51 ' -~- , (59), '-X - LU , 'AX' (61) X A ( b2) X (63

A(64!) 'A'* Lb), h t) (bt),'.*(/) XA (b) A'l ) X '(70),
0 1' *7) LX (7c) C~ ~,'' /. 'X (75), 'A ( 7b) XA (77),

*A'7 A 7 ' ' 1 I.I0)

'A' (b, 44941", 'x 409401a~, A' (6) manhs", -x' (9~) " mw,,~ -x, (10)"u#"

'Al(i5) ," 174



Lt t.L #

" °'t.((,)" /;;4r", * (' L?)," U~~ 'X'£2)"
'  t#U", 'x'(23)," #t$#",

"A' (d') ,"s : u", I ' 5), M~u", ' (2X ) AP" "X (27)," # #",

A )," Lul", '( ( )" P#5", '' 4(3f)," ##", b' (27) 9 a

(3)." ga 'X' (32) , " ;:;A, A ' 37)," x 35", 'X (34), O",
" (35), a, 'X (3,) , " X" ' (L' ), , x* (3 ), ## N,

'x 4), s •" * C" "' ,q" 'x ('6, 4" 'x (9)" ###"

,'A 39)," b 4 ", (10A)," X 41, As (2))," ##u", X ( ), "
X' C • 'aI," *' (4 -(J . , " u I , A X (54)," #m x (5 , ##"

(oh) Ut4', 4 (,47) A , 'X (7b), p (7)
#X' (70) ; an X I- Pa A (5?) " aa ""

'X•(it), '  uau",''(77)," 54a", •' (76)," 9 k4", X (57), ",X X• 5 e , "  c. " '.' %) , Of 4 "f A 10 U), # -7 "

:t L t(i , K

L'L 1 P'JI P''L t ' (2 j 4 x * 4A x ( 41. "xul 1U)," MtiIr , ji'(T ,"' '(1)", x'A (), '' (3, 'A'(04), 'X'5) ',()

A h'(15), ' * 'ib),A.'(17)," (16),' A (1), 'L' (X2, 'bs (68)
' '( ),' , (' )," (", 'A ;j(r) , X'I '(27 ', (72) ,

• x'(29)," 'x' (, 'A (3 ' (2) A'3),' A' (34) ,'X' (35),n"

' '(71)," '' A (7), P ( , X (7 ), ' , (7 ),
i:- L

' 7 (t.) 7) A' (70) a'X x) 'X(6) a 'X'(x63() ##p84)

L .".1. {" Pr<L, CLl)L,kr'jTw " OUUO I •,

'!' . - 'I L ( t,) , .;' OT , X' (6) , X' () , A3 (0) ' X ()
('A 7), ''( 3), A I) , X' ( 5), ' (), 'X (12) , (13), ' X (14),

' (15) 1 b A L16) (19), X 2 X (21)

'2 e), x5 ,' X (24) , X ( 35) , "2 ), xX2 (27) x (28),

"A (6)" wx (,), X * ( 431) , ' ), " , X () XX (14)) X (35)
'A ' .1 U 1) , ( 1) , *' '(1 2 ),',' . , A x ( 4), X (55) X ( ,),

X (?), "'(un", bx (, ), x66", 6 'X (), X (69) X ( ),

'x 7v) X (7) X '( X(2)." a 5).X ( ) X (,") X (84)V .

4 r. CU

-x'(5)," h-5u", ' (3 , z 6", () , X # X (4) P, X (" )
'' (3 , " n ", 'A' (u)7), ua,1", ' ((9)), X a" )' X ( 7 ) ,
.m '(714 )," r (n, (1 ") , " ; 7q, (4 (#) 6, p

t~ LCu q L

16 17 a) P x (16 # 14$X

U' 7A), U",'X (21), 700", [8(,2), #U" x (23) ," #,
A '(2.4). #i 4 A'(25), np" x '(2b), ana" X (27)p " # # ,
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I. SYS 1CM. L83-1379
- - INTRACOMPANY MEMORANDUM DATE 27 June 1983

- TO: Mr. A. Papke

CC: Messrs. M. Brown J. Johnston, D. McCrary, T. Randich, and R. Straiton

FROM: Mr. Paul Kendall DEPT. 54DE MP- 234 ExT.3 7 1 6

SUBJECT: Thermal Requirements for Temperature Chamber for Testing the TADS/PNVS PGSE

Augmentation Equipment

REFERENCE: (A) DAAK5O-82-G-0002, D.O. 0003, Environmental Temperature Test on
Electro Optical Augmentation Assembly, May 2, 1983

Reference (A) requires that the subject equipment be tested at environmental
temperatures of 65aF and 900 F. The size and weight of the equipment and other
peculiarities of the equipment are such that it is not practical to use an
existing environmental chamber. The alternative is to construct a temporary
chamiber around the equipment in its natural habitat.

Proposed dimensions for the chamber are shown in Figure 1. A thermal analysis
was performed to determine the loads incurred at the two temperature extremes.
The analysis was based on the assumptions and conditions specified in Table I,

* and employed the equations shown in Table II. Symbols are defined in Table III.
The analysis is shown in the Appendix. Calculated cooling loads and required
airflow rates are presented in Figures 2, 3, and 4 and in Table IV.

Two modes of operation were considered. The first is the open flow mode in
which room air is cooled, then injected into the chamber. The air which passes
through the equipment is discharged into an exit vent. An amount of air equal

MAe .-- e to the incoming airflow flows from the chamber. If this rate is less than the
flow rate through the equipment, all of the chamber discharge air is comprised
of equipment discharge air. If the chamber flow rate exceeds the equipment
flow rate, all of the equipment discharge air is included in the chamber exit
air. The aralysis determined the flow rate of chilled air necessary to achieve
the specified chamber temperature. If the chamber must be maintained at 650F +

=3*F, the minimum chamber entry temperature is 62°F. Figure 2 shows that the
cooling load and required airflow rate associated with this requirement is ex-
treme. The effect of increased temperature tolerance is to reduce the required
airflow and the cooling load, as shown in Figure 2. It was assumed that it is
not practical to pull air from the chilled air under the floor for flow rates
in excess of 400 CFM. The amount of cooling required to chill room air is
excessive.

If this mode of cooling were applied to the 90*F ± 30 F chamber condition, it
would be necessary to heat room air prior to injecting it into the chamber.
Minimum entry temperature would be 870 F. Because this mode is not practical
for the 65*F condition, it was not considered for the 90°F condition.
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27 June 1983

The second mode of cooling involves a closed loop system in which chamber air
is recirculated through a cooler. A small amount of makeup or ventilation air
must be provided for the benefit of personnel in the chamber. This is assumed
to be 100 CFM. At both chamber temperatures, air is assumed to enter the cham-
ber at a temperature 3'F below nominal chamber temperature and return to the
cooler at a temperature 3°F above the nominal chamber temperature. The required
cooling loads and the required recirculation rates are shown in Figures 2 and 3
for the 65°F and 90OF chamber conditions, respectively. These loads are shown
for a range of room air temperatures from 70'F to 80°F and for a range of air
temperature under the floor from 620F to 660F.

Figures 3 and 4 show that the cooling loads associated with the recirculation

mode are lower than that required for the open flow mode. The recirculation
mode is recommended for this application. It should be observed that the re-
quired circulation flow rate is quite large. It is, in fact, much larger than
that provided through air conditioners offering appropriate cooling capacity.
Table V shows units of appropriate capacity and configuration, but the included
fans do not provide the required airflow. If such a unit is purchased, it will
probably be necessary to remove the included fan and use a fan of appropriate
capacity in the return leg of the circulation ducting.

The high airflow rates associated with the ± 3'F air temperature tolerance can
be greatly reduced if the temperature tolerance can be increased. Figures 3 and
4 show the effect of increasing the tolerance to ± 4*F and ± 50 F. The airflow
rates associated with a tolerance of ± 5=F are close to that provided by the units
identified in Table V. It appears likely that a booster fan added to the circuit
could raise the flow rate to the level required if this tolerance is permitted.

If it is not possible to increase the temperature tolerance, the use of a single
air conditioner unit poses certain problems. A separate blower will be needed
to achieve the flow required. This blower must work against a head of approxi-
mately 3 inches H20. If such a blower must be purchased (See Table V), its cost
is approximately half that of an air conditioner unit. The use of an airflow
rate approximately double the intended flow rate through the air conditioner is
expected to prevent condensate from dropping out as it is intended to do. It
will instead be carried out of the air conditioner and may enter the chamber as
water droplets. This can be minimized by passing the air through an appropriate
screen. The entire task represents a development program.

Two separate air conditioner units of the type shown in Table V can be used for
slightly greater materials cost and less development effort than that for a sin-
gle unit. The two units will provide the appropriate airflow, no booster fan
will be required, and condensate carry-over will not occur.
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Mr. A. Papke
27 June 1983

Whether one or two air conditioner units are employed, a heater is needed in
each unit to adjust discharge temperature. An appropriate heater is identi-
fied in Table V. A precision controller is also needed. The unit identified
in Table V is recommended.

An alternative to the procurement of an appropriate air conditioning unit(s)
is to use a chilled water processing unit. Such a unit is available through
the Facilities Department and includes a fan, heaters, and a precision tempera-
ture controller.

A preliminary specification is given in the Appendix for the design or selec-
tion of a suitable cooling system.

Paul Kendall'
TADS/PNVS Thermodynamics

PK :lh

Attachments
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SYS ICM #L83-1379

TABLE I

ASSUMPTIONS USED IN ANALYSIS

-j
1. ROOM TEMPERATURES FROM 70OF TO 80OF WERE CONSIDERED.

2. NOMINAL CHAMBER TEMPERATURES OF 650 F AND 90OF WERE CONSIDERED. AT BOTH
CONDITIONS, TOLERANCES OF + 30F, ±4=F AND ± 50 F WERE CONSIDERED. ENTER-
ING AIR TEMPERATURE WAS ASSUMED TO BE THE LOWER LIMIT SET BY THE TOLER-
ANCE. EXIT AIR TEMPERATURE WAS ASSUMED TO BE THE UPPER LIMIT SET BY THE
TOLERANCE.

3. EQUIPMENT HEAT LOAD = 3.5 KW DURING OPERATION OF THE EQUIPMENT.

4. PERSONNEL HEAT LOAD = 550 BTU/HR.

5. TOTAL WALL AND CEILING SURFACE AREA = 496 SQ. FT.

6. FLOOR AREA = 112 SQ. FT.

o 7. THE CONVECTIVE HEAT TRANSFER COEFFICIENT ON THE INSIDE SURFACES =

2.5 BTU/FT2 - HR - OF.

8. THE CONVECTIVE HEAT TRANSFER COEFFICIENT ON THE OUTSIDE SURFACES OF THE
WALLS AND CEILINGS = 1.5 BTU/FT 2 - HR - OF.

9.' THE HEAT TRANSFER COEFFICIENT ON THE UNDERSIDE OF THE FLOOR = 2.5 BTU/
FT2 -HR - OF.

10. AIR TEMPERATURES UNDER THE FLOOR OF 62°F, 64-F, AND 66-F WERE CONSIDERED.

11. WALLS AND CEILING WERE ASSUMED TO BE FABRICATED FROM 2 INCH THICK RIGID
FOAM WITH A THERMAL CONDUCTIVITY OF 0.021 BTU - FT/FT 2 - HR - OF.

12. THERMAL RESISTAN "E THROUGH THE FLOOR PANELS WAS NEGLECTED.

13. IN THE CLOSED LOOP MODE, VENTILATION AIR WAS ASSUMED TO BE TAKEN FROM UNDER
THE FLOOR AT THE RATE OF 100 CFM.

14. TOTAL AIRFLOW THROUGH THE EQUIPMENT = 1350 CFM.

15. IN THE OPEN FLOW MODE, THE EQUIPMENT LOAD IS DIMINISHED BY DISCHARGING
ALL OR A PORTION OF THE EQUIPMENT COOLING DISCHARGE AIR FROM A VENT(S)
IN THE TOP OF THE CHAMBER. THE PORTION OF THE EQUIPMENT LOAD THAT IS DIS-
CHARGED THROUGH THE VENT(S) IS THE RATIO OF TOTAL CHAMBER THROUGH FLOW

TO THE FLOW THROUGH THE EQUIPMENT, OR 100 PERCENT, WHEN THE THROUGH FLOW
EQUALS OR EXCEEDS THE FLOW THROUGH THE EQUIMENT.
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I SYS ICM #L83-1379

APPENDIX

* PRELIMINARY SPECIFICATIONS FOR A COOLING SYSTEM

FOR THE PGSE AUGMENTATION EQUIPMENT TEMPERATURE TEST CHAMBER

1. The cooling system shall provide for operation of the chamber with an
internal air temperature maintained at either of two levels. These are:

. 65°F * 3°F and 90*F ± 30F.

2. The active primary load in the chamber is 3.5 kw. The air circulation
rate through the equipment contained in the chamber is approximately
1350 CFM. Additional loads include 550 BTU/HR personnel load, lights,
a circulation fan, and loss or gain through the chamber walls and floor.

3. The cooling system shall be capable of establishing either of the cham-
ber conditions within 2 hours of start, without the active primary heat
load in the chamber.

4. Cooling and initial temperature adjustment shall be accomplished by
extracting air from the chamber, passing it over appropriate cooling
coils (a heater will be required to initially establish the 90*F condi-
tion) and returning the air to the chamber.

5. Distribution and flow rate of the recirculated air shall be as required
to achieve the specified temperature tolerance. Minimum flow rates are
specified in Table IV. Attention shall also be given to providing a
"comfort zone" in front of the equipment under test. If possible, air
movement in this region shall not exceed 120 FPM.

6. Control of chamber temperature shall be achieved by the use of an elec-
tric heater in series with the cooling coils. Air temperature at an
appropriate location in the chamber shall be sensed with a thermocouple
and a signal provided to a temperature controller which shall operate
the heaters as a means of temperature control.

7. Ventilation air will be introduced into the chamber at a rate no less
than 100 CFM. It is suggested that this be obtained by removing a
floor panel and replacing it with a panel with an appropriate orifice.

- A ceiling vent will also be provided. It's location sh6uld insure that
the air leaving through the vent is a -portion of the -air leaving the
center post section of the test bench.

8. The cooling equipment may consist either of an air conditioning unit
tL or of a chilled water cabinet.

9. If permission is given to open the temperature control tolerance, air
circulation rates can be reduced as shown in Table IV.
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ATP SIGN OFF/OPTICAL TEST DATA AND
SIGN OFF SHEETS OPTICAL DATA SHEET
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APPENDIX A

S"TAM PNVS AUG ENTATION UNIT TEST ACCEPTANCE REPORT SIGI-OFF

ELECTRONICS

Test Operator
and

Unit Paragraph Witness Initial@

Calculate 4.1.1.2 -:

'" Parallel Buss 4.1.2.2 /.)*'

I Matrix Svitch 4.1.3.2

A/D Converter 4.1.4.2

Digitizer 4.1.5.2

Fixed Faoer Supply 4..6.2

Progrmable Power Supply 4.1.7.2

Resolver Simulator 4.1.6.2 .. ,~

Programmble Pulse 4.1.9.2
Generator 7~' g 2
Video Signal Generator 4.1.10.2 -j Loo -

I.

FSCM NO. MG. NO.

z5569.214013U fA 58260 13082803

REV. H Sheet 29
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APPENDIX A

TADS PNVS AUGENTATION UNIT TEST ACCEPTANCE REPORT SIGN-OFF

OPTICAL SIGNAL ANALYZER

Test Operator
and

Unit Paragraph Witness Initials

Filters 4.2.1.2

Shutter 4.2.2.2

Focus 4.2.3.2 7)s

Photo Multiplier Tube 4.2.4.2 ,'

IVD Electronics 4.2.5.2

--. 7

-.2'

FSCN NO. DWG. NO.

A 58260 13082803 *1

Z58569.29/4040 - REV. H SHEET 30
206
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APPENDIX A

TADS PNVS AUGMENTATION UNIT TEST ACCEPTANCE REPORT SIG-OFF

OPTICAL SIGNAL (NERATOR

Test Operator
and -

Unit Paragraph Witness Initials 7

Filters 4.3.1.2

Mirror 4.3.2.2

Lamp 4.3.4.2 n ' ~ i "
-lie

"I

.1

l .1 I!,-
FSCM NO. DWG. NO.

A 58260 13082803

Z5859, /l0O IREV. H SHEET 31

207 ,
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APPENDIX A

-" TADS PNVS AUGMENTATION UNIT TEST ACCEPTANCE REPORT SIGN-OFF

DAY COLLIMATOR

Test Operator
and

* Unit Paragraph Witness Initials

IShutter 4.4.1.2 .,--

A irror 4.4.2.2

T Lamp 4.4.3.2. 1j

-'-' .,l.. ,i , ,.. . ..'.) I
External Source/Target 4.4.4.2

Focus 4.4.5.2

( /Variable Filter C.4.6.2

*1 External Radiometer 4.4.7.2 ~j

* 3 Mirror -4.4.8.2

Air'.

Internal Cira 4.4.0.2 .j
External C atsra 4.4.10.2 f i

Laser 4.4.11.2

Interesl Radiosister 4.4.12.2

FSCN NO. jDWG. NO.

A 58260 13082803

REV. H SHEET 32
Z58569.31/4040

208
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APPENDIX A

TADS PUVE AUGM3ENTAT ION UNIT TEST ACCEPTANCE REPORT SIGN-Oil

FIR COLLIMATOR

Test Operator
and

unit Paragraph Witness Initial@

I

"oresight 4.5.4.2

CO MN TODULE

Test Operator
and

Unit Paragraph Witness Initials

Temperatures 4.6.1.2 7 o

.1 Miscellaneous Interlocks 4.6.2.2
T4'

Laser Power and Interlock 4.6.3.2

1. Computer generated data will be added to this appendix end labeled as
test data, dated, and signed by appropriate individual.

2. Hardware status including EPROKS relative to released engineering, will
be defined at the tim of the acceptance test procedure.

3. The final version of the self-test source software listing and tape
be provided at the tim of the acceptance test. The revision level of
the RCA system software will be identified at the acceptance test.

I I FSCM NO. DWG. NO.

A 58260 13082803

Z56569.32/4040 REV. H SHEET 33

209

I * e-. oid o. c e r



h.o APPENDIX A

TADS PNVS AUGMENTATION UNIT TEST ACCEPTANCE REPORT SIGN-OFF

ELECTRONICS

Test Operator
and

Unit Paragraph Witness Initials

Calculate 4.1.1.2

Parallel Bus 4.1.2.2

Matrix Switch 4.1.3.2

AID Converter 4.1.4.2

Digitizer 4.1.5.2 A

Fixed Paver Supply 4.1.6.2

Progrmable Power Supply 4.1.7.2

ResolverSimulator 4.1-8.2

Programable Pulse 4.1.9.2

Generator
•T N

Video Signal Generator 4 .1.10. 2  izr, €  2=2

•e "//eII V 5 6 boe'-. • e l

Chccdea Cable. CAb 1e . , ,, e/'/.
boa-c'. 4T Tg's1 c,~c/ 276f'"

P.ss.,6/c The,-,,0 m/ l~be 11

* J FSCM NO. DW4G. NO.

Z58569.28/4013/U

REV. H 2Shezt 2

,., 210
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APPENDIX A

TADS PNVS AUGMENTATION UNIT TEST ACCEPTANCE REPORT SIGN-OFF

OPTICAL SIGNAL ANALYZER

- Test Operator
and

Unit Paragraph Witness Initials

, Filters 4.2.1.2

TVI
Shutter 4.2.2.2

Focus 4.2.3.2

Photo Multiplier Tube 4.2)4

IVD Electronics 4.2.5.2 L7 )4

, U'

ef/Q1(j a &('4 n.1 4'iG~ /

FSC

. c-REV. H

I

A Z58569.29/4040 R... SH-." .-

21



- APPENDIX A

TADS PNVS AUGMENTATION UNIT TEST ACCEPTANCE REPORT SIGN-OFF

OPTICAL SIGNAL GENERATOR

Test Operator

and

Unit Paragraph Witness Initials

Filters 4.3.1.2

Mirror 4.3.2.2

Diffuser/Filter 4.3.3.2

Lamp 4.3.4.2 -j

IFSCM NO. DWG. NO.

A 58260 13082803

7~~.1f/&l~f IREV. H SHEE73

212
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APPENDIX A

TADS PNVS AUGMENTATION UNIT TEST ACCEPTANCE REPORT SIGN-OFF

DAY COLLIMTOR

Test Operator
and

Unit Paragraph Witnes s Initials

Shutter 4.4.1.2 ijf

A Mirror 4.4.2.2

T Lamp 4.4.3.2

External Source/Target 4.4.4.2

Focus 4.4.5.2

Variable Filter 4.4.6.2

Ex-ternal. Radaeter 4.4.7."2

B M'irror 4.4.8.2 U

Laser 4.4.11.2

Internal Radi mter 4.4.12.2

FSCM NO. fDWG. NO.
A 1 58260 13082803

REV. H SHEET 32

213



. APPENDIX A

TADS PNVS AUGMENTATION UNIT TEST ACCEPTANCE REPORT SIGN-OFF

FIR COLLIMATOR

- Test Operator

and
Unit Paragraph Witness Initials

Shutter 4.5.1.2

Target 4.5.2.2

Aperture 4.5.3.2

Boresight 4.5.4.2

COMMON MODULEE
Test Operator

and
Unit Paragraph Witness Initials

Temperatures 4.6.1-.2

Miscellaneous Idterlac-ks 4.6.2.2

1. Computer generated data will be added to this appendix and labeled as
test data, dated, and signed by appropriate individual.

2. Hardware status including EPROMS relative to released engineering, will
be defined at the time of the acceptance test procedure.

3. The -final version of the self-test source software listing and tape
be provided at the time of the acceptance test. The revision level of

L the RCA systim software will be identified at the acceptance test.

FSCM NO. IDWG. NO.

..

A 58260 13082803

1.Z58569.32/4040 REV. H SHEET 33
214



~(c. Ie,3

E/O AUGMENTATION

ENVIRONMENTAL TEMPERATURE TEST

4 DATA SHEET

650F 90OF

1.FIR MODULE -

A) BORESIGHT I ,cLcy?~'2e

B) FOCUS ___ __

C) ATP ____ Y PASSED

2. VIS/NIR MODULE .

A) BORESIGHT 19.~

B) FOCUS 17 ... &A-

C) ATP ~.PASSED

3. OSG

A) BORESIGHT .c tZ.y

TV ~~z
EO MUXSe

B) FOCUS

TV 3 '43

EO MUX _____

C) ATP PASSED

4. OSA

A) ATP _______ PASSED

215



UU~'PUbKtAfr Lls'YIUJ'.IC CUi-.PlLku kir: lb-AUL.-3 9:20:50
IESILw: o/lo/63 4:6:. IJaliV SYS[Owt TA, S/PtvVb 4

- NLI 1I~ lYbIL--' WtV 7.0i e-:,L c.10D I.S AUL-1$

#$tJbkiAMo LuprwiLLU UoiJ( A ILA*,) m j~iIUIJ b . 07

C AL 1 0i' All IU N S T AlI U 6 '

u~li~vALSYSIEN' CAL APIPLILU
v-ttAb CAL AFPLitU

e. S1114 LAL APPLIt.U(
'4U tiF STAf]U)., CAL AI'PLIt~D

L L IfII'( .b

LI-J F O C C

* Lil'- AoluTri 9.J

TllS b'jlb ~ ~ l--IV.WEi1LT F 8

*LItJL b~l.Tri 8.3

Li1"'t vdlLlIf- 16.b4

L1l A %L.-ri = 17."9'

L~i I NEU- 1, 19 . 4.

TlNUlVbA4Aj,4t .LAIt LIDTN 16 F 6b

Lr I t"L -....T.i.I.ti...e:)



LUf41 IIUTH Z lb.hb

*THIS" b1VES Aie Av rt,, 1-tLAlivt L1'4t -P.IL.1]H IP 17.34
* hi ~uIL, OI LAIA A .et *

217



LINL. kiuTh =17.b4

p LINE t-JUTF = 7.3L.

L L ,eILTh =

LINE %I1DTH = 17.39

L I AIL)Tti 17.16

L I 0L ,-iI)Yh b.2

L -1,:E u.1&'Th 17.*46

LI'WL V.IL T H 17.77

LI,% r~l[JTh = 17.97

L I 1,j rqloTh 17.69.

LINE AILTriz 17.15,

L INE -.IUTIA 17.23

L I iE i~l1Ih =17.36

6LIN~E V, I h = I b . 5

L1j4E AIL'Ih 174

LINE AIUTtI 17.11

ThlIb LIE A14 AVtkA6A. ktLA1Vt L114E VYI1lH OF 17.3b

21 61)UL) Ul'A SAk.PLE.6 v~ic TAIcN.

- 218



LIrvL .ILTi-l = lou.

+. LIr':t 'ILUIr -- t . ,

LINE w.IUTH lb.bb

LINE AIUIH 16.5k.

LINE IDTlh = 8.b

LINE v.IuTh I .9(

LINE ,IUTh- 19.86

LI-i. :Iu l 1 9 9.3 5

LINE wILlr = 19.u -

LI, E ,dIL' = 17.1o

L 11E tNIU I H 19.33

LlivL ,.ILbTh 21.04..

LIlE ;vlUTh 19.4v

LINE 01 1h l.U2

LI'vE e',I)1r- - 19.7b

LINE v4ILr * 19.2b

LINE v,Idbri 17.57

LiD& ,niUlh - b.bu

w LI ,xE .I[lh 19.2"

LliI' -. L, I'm 19.1 44

LINE -vIIlh = I.b2-

LIE IIr = ,.5

L IhN I U It; 16.8b

LIL- AluTh = 17.64

L IN ITh 19.4I6 219V T... *, *. *.. . * * . -.
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uUT I-NAP.: Abuke.IL CUIIViLEL Uv: 1t-AuL-83 8:12:52
lcSTtU: o/lb/b3 1v:2:54 UI,6t SYS li TALS/PNVS '.

-uN lIME bYSTttA. kEV 7.ul -- UbL 2.1U 13-AUi-b2
'eUbAV, :LmVILEL; UbJlvv AILA:' ktVIblU : b.07

C A L I N A r I u N S T A T U S
S* UiNI NiIAL bYS1EfM CAL APPLlED

f*r.EAS CAL APPLItUj
** SUM AL APPLILU .

ovi u F STAI ION CAL APPLL:I

AANINGP 1(14136 -iLSSAGL: 40 b

" LLFI ULui.l. VECUk

133 1352 135 1 3L 134 1 3t 134 134 133 131 13,4 131 134 132 132
132 135 15 13,d 13i 13L I u 133 l1b 129 133 13.5 137 135 133

* 135 13u 133 13u 134 131 132 131 13o 133-135 13u 13u 134 130
1b 13o 135- 131 13e 135 134 136 136 131 132 133 133 131 13.
158 12 132 13b 13t) 131 137 134 135 135 134 138 136 13b 142
14b 153 lbb 187 19U 194 173 1I0 146 14b 142 139 141 13b 139
137 134 132 131 134 135 135 136 133 134

Nl16hT LULI. - VELTUK

7 139 139 140 135 13D 137 135 137 13 132 135 136 136 13b 134
13b 13t% 134 135 13h 13b 138 139 133 13b 1314 135 137 135 136
137 13b 134 133 13,4 134 136 1.b 135 13b 137 136 137 13b 136
135 131 13b 131 135 135 1-7 136 137 138 135 13b 15 140 13b
136 134 13b 13b 134 137 139 136 135 137 137 14u 13b 142 141
144 152 1b4 4 195 1bl6 164 1b4 151 146 1 'b 142 144 138 140

13b 136 134 135 141 136 13 138 134 136
t*-

UPPtX NUV VEtlUk .

133 132 134 133 132 130 133 132 134 134 13e 131 135 133 135
135 13b 135 133 13e 137 137 13b 135 13b 132 137 134 138 135
137 13b 136 13b 137 13b 139 138 13b 136 138 137 137 137 139
13b 13b 137 139 139 144 146- 157 173 183 1b9 178 1 4 153 142 "
141 139 13b 135 13d 135 139 13b 134 137 137 136 137 145 140
139 139 139 159 139

LuAhEk hOvLCTOk

137 136 135 134 133 133 135 134 136 135 134 131 13b 133 137
l3b 135 133 135"134 136 135 13b 134 138 13b 139 141 137 131
135 133 131 137 137 135 138 136 136 136 141 138 138 13b 139
140 142 141 141 141 143 147 16U 171 183 lb 175 1b0 149 143
141 13b 14U 135 142 140 138 136 138 136 13b 137 140 138 142
139 140 13b 140 138

C USS= 78.7 CR0552= 81.7
DIFFE~,i-'t= 1.5
ThE LEFT LULUMfA T LiSbE.I) lMIANGLT LINE AT 19.8

C.,USb1= 78.8 CiwSS2= 12.2
UIFFERE14CE 1.7
"HE IGhT LULUi.. VECIUN CrIUSSEU IHL 1ANGLI LINE A) 19.5

CROSSI= 54.7 CRuSS2= bb.6
DIFFERLNCE= 1.1
THE UPPER RUN VECTOW CROSSED THE TARGLT LINE AT 55.8
CROS813 54.5 CR03822 56.5 221

. . -.



5 O1DFFEEw~Ctz: 1.1
LLivlc~h 15 Al t55.5 1
I. OLE L JAt tN - % 'JLCL LL lU S St. L;IHtI 1A 6LFT L I N A T 55 .1
S. Ltih iZu I A L L oJarl A 1 .nA5 A jLLPt u F -Uoa
hit vtkNI1IAL Lht;bbhAik hAb A SLIPE OF qUb.2
T L,~bSmAIt I.-iILtsiCI AT 55.6 19.0

LE.FT COLUm' VEClIUK

134 134 13e 131 134 135 13b 132 132 133 130 134 133 132 134
134 137 1 J1 133 13b 135 155 133 131 133 132 134 134 132 132
132 132 134 132 134 131 13b 132 134 134 135 130 134 132 132
132 138 135 1 3 1 3 135 131 134 135 130 133 134 139 131 132

. 134 134 131 137 133 134 136 13e 13b 137 138 13b 14V 141 143
14b 154 174 1868 19u 191 172 159 148 144 141 142 13b 139 138

139 138 114 135 135 133 13 134 133 134

. NIbtiT CULU,4, ELTLU.

139 133 146 137 13b 136 137 134 13b 137 137 137 134 13b 138

. 13b 135 135 134 137 14 u 134 137 137 136 135 137 135 137 134
13o 135 13k- 13e 134 13, 13b 136 135 135 134 137 141 133 134
134 14u 131 13o 131 3i3 137 13b 137 36 13o 137 136 138 137
137 135 139 137 136 13o 137 138 137 139 140 140 140 140 146
14b 15b Itb 1d5 191 19h 17b 1 4 151. 1(a 143 142 143 142 140
140 140 136 138 136 140( 137 139 138 139

"' UPPER X0;u vEct or(.

134 1314 135 135 135 134 134 132 135 135 134 133 135 134 136
- 134 135 135 136 133 13/ 135 138 13b 137 135 13b 135 137 134

13b 137 130 138 13t 135 131 137 1.5 137 139 138 136 135 137
137 1 4 138 142 144 142 147 156 113 160 187 181 167 155 144
142 139 142 139 14u I3b 139 138 138 138 138 136 136 135 139
S138 134 133 134 133

LOWEk NU14 vEC1U

" 137 134 134 133 133 132 1*3b 135 13b 133 13b 137 139 139 138

135 139 137 139 139 139 137 137 136 140 138 137 139 138 138

139 137 138 131 131 13b 137 136 139 138 138 137 138 136 141
139 141 14U 141 139 147 1i1 160 176 164 187 17b 163 151 144
1 4J5 142 142 137 138 13b 114, 139 14U 137 136 136 141 139 140

139 140 139 14u 134

vCNUSS1= 78,4e CI.USb2= e I1,b
OFFEEJCL= 1.6

THE LEFI CULUNN VLCIUK LHOSSEU 1HE TANGET LINE AT 20.0

Cka~b51: 78.7 CkLISS?: 81.8

THE hIGnT COLUMN vE(Tuh LHOISSLD THE TARGET LIoAE AT 19.7

CRUSSI= 55.0 LRUSb2= 57.1
UIFFtOLNCE= 1.0

. THE LIPPER Hudw VLCTUUr LkOSSEU THE TARGET LINE AT 56.U
CkdSS1= 54,.5 CRUS62= 5b.d

" DIFFERErCE= 1.1
~LLEiTLk IS AT 55.6

THE LOEkE ro06 VELIUx Ltds,:bLU Itit iAkGti LN1L AT 55.h
TmL hURIZUNTAL CKUSShAlK mAb A SLUPL OF -0.0

-" " TtL VEl11LAL LNUbbhAIh hAS A SLLPL uF 241.9

THE CkObSrAIRS ITfEkSLCT AT 55.7 19.b

.LET7 OMN VECTOR 222



132 13o 139 13e 13/ 133 1b 131 135 129 134 13? 135 131 134
134 13 12o 13,4 13 134 134 130 13 135 131 133 13t 132 132
13' 135 132 133 i31 134 135 133 Io 134 1 31 131 134 l32 135

133 1 3t, 135 13 t, 1 - 1 )34 13-1 1 3i? 13/ 1335 12o 13 134 13'4 134
134 13 4 134 13t) 134 134 13b 135 137 133 130 137 138 14U 143

14b 151 171 184 191 it8 179 161 152 147 I'e 141 141 137 135
13b 135 13b 134 134 13 134 135 135 133

NIGHT COLUMN o EL U O

137 137 135 13? 135 135 137 136 13b 134 137 134 137 137 136
134 137 13b 13q 139 13b 135 138 13d 137 137 13b 139 138 138
138 135 134 136 138 137 135 135 131 138 133 135 13b 13b 133
135 136 136 137 137 137 135 135 139 13b 135 13b 137 137 137
140 136 135 131 137 13b 13t, 134 131 133 139 140 141 139 145
143 151 1bb 18e 192 189 15 1b6 155 147 145 145 138 140 140

* 136 140 137 1,1 1& 4 13b 137 138 137 135

UPPLk IUA VECTUm

- 132 130 132 131 134 134 1 4 132 13b 134 13b 135 137 135 138
136 136 134 134 134 13b 131 138 135 13b 133 132 133 137 134
13o 135 137 13o 13b 131 138 137 139 13b 137 135 135 134 136
134 137 137 140 141 143 146 153 171 181 189 181 1b7 158 148
143 139 141 136 140 137 140 138 136 13b 13d 137 137 lib 137
13b 137 137 137 131

LO Wk ROW VECTON

135 135 137 131 138 138 138 136 137 136 137 137 13b 137 137
134 137 135 139 131 137 135 137 135 138 13b 138 140 140 140

139 13b 137 13b 136 136 136 136 137 137 137 13b 138 137 137
139 137 138 141 140 14b 149 157 174 181 187 179 165 153 145

' 143 141 140 137 139 137 13h 13b 139 137 139 136 138 137 138
13b 138 138 1-8 13a

CkUSS1= 78.7 kUS52= 81.9
OIFFERENCE= 1.b
THE LEFT CULUMN VtCIUk C05SEU THL TARGET LINE AT 19.7
CRUSSI= 78.9 CRUS52= 82.3
UIFFERENCE= 1.7
THE kHILM CULUmiv VECTLIR CNUSSEU THE TARbEI LINE AT .19.4
CROSb1= 54,.9 CkuSS2= 57.1
uIFFLEi4Ct= 1.1

r- THE lJrPEk RUA VECIUK LROSSEO THE TAkGLT LIPE AT 56.0
. CRUSS1= 54.9 CkUSb2= 56.9

UIFFLNENLL= 1.0

CENTER IS AT 55.9
TmE LUoEk kUh VECTOk LROSSEL) THE IAtGEI LliNE AT 55.9

[HE hOrIZONTAL CRUSSHAIR HAS A SLOPE UF -0.0
THE VENTICAL CRULSSAIR HAS A SLOPE UF 802.3

.- TmE CRUSSHAIRS liATtSESCl AT 55.9 19.5

223
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OU F PNtb.?AS.: LI4A1l)2.1C COMI1LEU ui..: 17-AU6-83 8:lb:34

TLSTF'u: t/11/6i3 hi:51:22 USIN6 SYSTLM TAiUS/PNVS 46

- iuiv Tir'aL b'Y,1t~i mA 7.0)7 -L)UL ealij 13-AUI;-d2
PkLhNAM CL'MVILEOL USIN6 AlLA6 kEVIb±UN: b.u7

**ORIGIN4AL SYbTEMi LAL APPLIEU
**HEAS CAL AIPPLIEU

$T SIM CAL APPLIED
NOU RF STATIONi CAL APPLIEUIL

LI114L vil TH 12.b 1

L I i£L i.IUtIH = '.S)7

LliiL o41LIUTM = 18.3e

L I WE AlUTH 18.72

LINE vvILPTtM 17.91

Li14 viIUJTh 1 9.1e

L I iE wILOTH 18.34

LINE .1lUTIh 17&97

L IE iLilUTH 18.9V

LI1tNEI~l1h =18.19

LINE NIUTh 19,09

*THIS i7IvES AN AVENAIGE Re-LATIVE. LIsgE nvIDlM UF 18.21
13 G~ut) IATA SiAIPLE6 b' EiE TAKEN.

224



LINE ,lh -- 19.3b

LI'JL IU)Io, = 19..35

LINE kbIj, l - 19.'42

LINE. WIDTH = 18.55

LINE aIUTH = 18.22

LliE. "10TlH 19.15

LINE ,NIDIh 18.t,3

Llit vI n)Tri - 19.1u

LlI-E v. uTr, 16.5e

* LIN.E iI1[Tm 18.63

LINL vjIDTH = 19.03

LliE 0lUTh = 19.39

LINE VIUTm = 18.75

LINE olU1. =- Ib.b k "  .

LINE kI1UTH = 18.bU

LINE v,IUIH 18.62

LIlYL v,1t1 19.37

LIwiE bILJT 18.'42 o c u5
LINE hIUlh lb.3b
LINE i ILIl = 19.2b-

LINt "IUTlH = 18.82 ''"(

LINE vI()1h 18.45 ) /
LI,,E 1 IIH = 18.41

LIN. LIuh 18.64

LIN.E ViIDTH 14,4-

LINE nIlTH = 18.81

LINE vIDTH = 18.79

LINk i, IUTH = lq,43:--

LINE vILsT. = lb.17

LINE vIL)Th = 19,47

THIS GIVES AN AVENAGE RELATIVE LINE WIDTH UF 18.89
3 GODDATA SAMPLES WERE TAKEN. 225
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L[INE k-IDIH 19l .61)

i
L Ii A iUTth 19 6

L I NE viIL.TH 19.64

LINE w bITH = 2U.35

LINE 61UTH = 19.bo

LINE. VWIUTh = 19.6b

LINE IDTH 19.50 OCc ,.

LINE e IuTh 16.74 \<

" LIIjE mIuTh lb.56

Lie~L 6iUTH 18.91

LINE WlIUH = 20.2b

LINE YlIUTH = 19.29

LINE lUllh = 19.3b 3/f /")

LINE v-i11h = 16.71

LINE OIDTH = 18.7h

Li, IUTh = 19.00

.. TIS 6IVEb AiN AvEPAGL kL-LA11VE LINL hIUH OF 19.36
. 16 CUUL DATA bA#, PLS KE t IAKEiN.

v- Rui v&f Iu4 ,b5Ai 40

1 5.
226



S UU V ljt,.,,A f- XD,2 J C LU,.; -lLti mvl: It)-AuG-o3 t3:12:52

1L61i): ct/ 17 i I l: 2o :,i ~ UOz)d I 6SYslEm IAUS/P'gV5 4

- kl., Ti,.E jY!TL'- 1t 7..17 -- ,)bL e.lt' 13-AL)b-o2
f~LbUGAM LUI-LLL uSij1,7 AILA6 RLV161UA.: b.tj7

.. C A L 1 0 K A I I U 4 S T A I U 6

** U 1GjrvAL SYSTLivi CAL APPLI)lD
** 'AS CAL APLILU L
** STIM CAL APPLILLU

WO kF STATION CAL APPLIU 90

LEFT CULUmIN VLLkfR

135 134 137 335 133 13b I3 134 135 131 135 13b 134 134 135134 135 135 135 1 3e 13b 1i1 156 !33 136 134 134 135 134 134

133 13b 134 133 13 : 1 / 1 i7 137 137 137 136 133 135 136 134
13b 136 135 136 133 134 13b 135 136 13( 134 13b 13b 137 137
15b 139 142 144 15w lbb 17U 195 19( 191 10 156 14Y 144 140

* 139 13b 13o I-Sb 13b 139 13b 158 138 135 133 137 136 136 133
135 135 13t 135 136 335 155 133 137 136

NIGmT CULUM , VELtit,

137 134 142 136 13o 1.35 139 137 14(1 141 138 136 140 137 139
" 137 139 13t 139 139 140 139 137 135 141 138 13b 138 138 136

-- 138 1 3c 130 1371 157 139 158 136 135 137 139 13'1 140 136 137

137 137 139 137 141 141 139 136 137 140 139 138 137 140 139
i 14t 137 142 146 149 160 173 189 195 193 179 164 151 144 148
. 143 140 139 14U 14, 141 137 140 136 137 137 140 137 139 137

13t 139 130 14U 138 13o 14v 140 139 139

li' PPER ROO v, Cl t

13b 134 13f 134 137 134 137 134 136 134 137 135 138 135 138
* 13b 13/ 13o 136 137 13f 156 138 131 139 137 136 136 138 13b

13b 136 139 136 136 135 j39 136 136 135 139 137 136 137 141
14 142 144 15u 166 17'l 19C 167 173 161 14b 142 13b 140 139
14U 13b 137 136 11 13 139 136 1So 130 I 138 13b 13b 138
135 138 134 13t 134

LUF-K RUA VtClfli

135 133 13b 133 137 137 13o 135 136 137 139 137 139 136 136
134 136 134 138 137 139 137 14  136 139 136 139 139 140 140
140 137 141 138 13o 13/ 14)0 13b 139 13b 139 138 141 139 142
14e 105 146 3b7 l1b 163 193 ldb 169 159 145 142 13b 140 139
134 137 139 136 136 134 136 134 138 136 141 138 140 138 138
13b 140 140 140 14u

CHUSS=1 61.3 L-vUSb2= 71.U
UIFFEENLCt= 1.9
THE LtfP CULe.j VECTum CkO-SFu THE IARGET LDIwL Al 30.9
ChO~bl- 61.4 CbRUS,2= 70.9
lFF _ ,4Ct= 1.7

THE HI'GriT CLuLL1-,r: VrtLTL 0,{()S$.Lu tL 1ARGE1 LIiDE AT 30.8
CRUS51= 51.1 CuSb2= t3.5

. OIFFEKENCt= i.e
THE UPPER_ RUA Vt.(CUN C i UL, lHE IAotGtT LINE AT 52.3

ChWUSSI= 50ob LWUS2= 53.4

DIFFERENCE= 1.4
CENTER IS AT 52.0 27

I.........



THE LUWtkk Icub VCLOt' CLIOubEu lti 1AwLI. LINE AT 52.0
THL IIURJA..NTAL L-uSSih-'I' hAb A SLUPt uF -u.

. T-IE V.NTICAL CfWLISShA1I" i,AS A SLUPE OF 3eu.,
"-" ,lit CROSbHA.R 1i,1t,kSLl AT 52.1 30.83

LEFI CULUi-IN VLCTuI'

. 140 134 134 13b 135 139 13b 13b 134 134 135 139 134 134 137
137 134 135 136 134 13b 134 134 13o 132 133 13.5 137 134 138

- 139 135 13b 140 134 136 134 137 134 138 137 134 132 135 135
134 135 137 135 13o 13b 135 136 135 13b 137 139 138 135 131
138 137 142 141 145 153 163 177 189 191 190 179 158 152 146
142 141 14U 139 139 137 13? 136 136 137 13b 13b 139 135 137
138 137 135 137 134 135 135 135 156 135

kl6HT CULUMN VtLTuk

136 13b ISt' 14: 131 13b 13o 139 134 140 136 13b 139 139 137
138 13t, 136, 13(1 59 13b 14U 135 14e 14u 139 136 139 135 137
136 137 139 139 130 137 139 138 13b 139 139 139 139 140 135
1QO 136 13o 136 13o 140 14 138 139 137 136 138 139 138 14U

. 139 142 I.9 141 1 153 156 170 19b 19o 146 1o4 Ib1 155 146
145 141 14u 141 141 14 1 143 13 141 14 0 139 137 139 138 140

. 139 138 139 14o 140 144 139 139 142 138

UPPER RUN VECTURL

137 134 135 132 138 13b 138 138 14 139 140 136 13b 137 139
- 136 142 134 140 13 141 137 139 137 1.39 13b 139 138 139 13b

141 13b 140 140 142 14u 141 139 142 141 141 140 140 137 140
* 14u 143 144 152 lo5 IbU 190 189 176 1b2 145 14b 141 147 141

144 141 141 139 14(1 136s 140 137 I40 139 139 135 137 137 138
13t 140 136 14I, 136

Lth'JtfhK RWLh VECTu.

137 135 139 138 139 138 131 13b 140 138 130 137 139 137 138
13b 138 131 139 139 14o 140 140 139 14U 139 140 138 140 140
1 14o 139 141 139 139 131 137 13b 138 131 140 140 142 142 142
144 145 148 155 172 183 192 169 17" 159 146 J44 141 139 140
14d 141 14.5 142 144-141 143 142 143 142 140 139 142 142 141

S140 140 139 140 139
COSSI: bb.3 CN6S2 71.9
oI.'FEECjU= 1.8

--'.TE LEFT COLJ 14 VECTOk LRtSSEL) lIHt. TAG T LiNE A1 29.9
. CkiSbl= bb.4 CRrS.2: 72.2

UIFFe'.Ei,Ck: 1.9
THE h16H1 CULL;M, VECTUN CRUSS. U lIE TAR6EI LINE AT 29.7
CkObbl = 51.0 CRUS62 = 53,7

uIFFEEiCE= 1.3
THE UPPER UiUW VECIuH cRUSSE) THE IAkI.;ET LIlNE AT 52.3

CNIjSbI= 5v.7 CkO382= 53.b
-. uIFFEkElvCE: 1.4

CLgTt 15 At 52.2
T - LUAER kUW vtCIUK CRuSEb IHE lAhGItl LINL AT 52.2
Ti-th- ilURIlj/6 lAL C 'bkl III. hAS A SLO.PE OF -0.0
THE htHTICAL CKuSOHAIF: "AS A SLUPL uF 52b.0

THE Lk 0S HAIRS iNlt (StCf Al 52.2 j!9.8

* LEFT £ULUI, VtCLIU

[ 131 136 136 133 133 134 136 135 139 138 13b 139 133 135 134
tI 137 135 134 138 133 135 134 130 132 130 137 135 135 137 138 228

.I * "



I.. -. ~_-. - ... _. - .. , - j
I b 13b L3b 131 134 13- 13 13e 137 1. 135 13b 13b 139 135
13 132 is 135 131 13 137 1 3b 137 13b 131 134 13 135 137

1 44,, 139 1 5 14~? 143 1i'u job 16u l7v 20l 177 17b 16'4 1'49 145
12"h 139 140 13-0 1 39 j 11? 136 13/ 13 136 131 130 131 13b
131 135 13h 134 13,p 1111 1.4 135 136 13b

II1,I,1 CILut.F. VF: T",k

139 136 136 134 131 13 139 136 14 0 136 141 139 13b 138 139
1 4()o 136 13; 139 140 139 142 139 139 140 139 137 138 143 138
142 140 131 13/ 13t 140 140 138 141 136 13b 140 138 143 137
136 13t 141 138 13d 136 139 142 13b 136 141 138 139 13d 139
141 141 14u 141 143 153 16U 173 186 197 lq4 185 186 156 1'48

*-144 143 141 140 le L4v 142 14U 138 139 139 139 139 140 139
139 139 13t 14( 14 t 1)41 137 1.39 130 140

139 13o 139 13b 13c, 13b 13h 137 139 136 !39 13o 139 138 141
- 14( 139 13o 138 131 140 137 140 136 139 13/ 14b 138 141 140

141 13b 140 139 141 1111 14' i37 1391 13b 140 14V 141 139 1142
139 144 144 it~e bt 179 it, ic9 175 1b3 147 145 14U 141 138
142 139 142L> 141 141 34 141 135 139 137 139 13b 138 137 139

" 137 140 138 1.0 136

13b 135 13b 136 137 13.o 137 138 139 139 141 13h 141 137 139
•"137 138 139 1.39 136 1319 139 140 139 i4 139 140 1 0 139 140

139 141 141 141 143 140 143 140 140 140 141 141 142 129 143
i149 144 15b 156 162 184 2 4 169 164 161 157 143 142 143 141

143 141 143 14U 1 1 14U 142 142 142 142 143 142 144 138 142
139 141 139 140 13b

-. CUSS1- 68.0 LU5S? 70.9
-JIFFEhiECt= 1.5
Tre't LEmFI luLU-4 VtlON CtuwjSEJ THE lAxGEI LINE AT 30.6
CNUbbl= b8.5 LH052: i2.3

* t)IFFLW.I'wCt= 1.9
THE k~I(ItT COLU N VELTsi CdJSS1.U THE I AN(GE1 LINE AT 29.6
CUbSSl= 51.1 C KSS2= 53.b

. uIFF _E.C = 1.3
STHE UPPER hL.;vu VtC1U [. Ltu SLO Tt-,i TAkGll LINE AT 52.4

CkUSb1 = 50.8 CRUS,2= 53.4
!I-FEiE'CL 1.3
CtyIEF? IS Al 52.1

9lHL: LUttI' HdObV VLCilUr" LJSE:) IhL TANGt.T LINE AT 52.1
nr. HUORIZLOIAL CS:3hAl' HAS A SLUPL OF -0.0

*. 191E VtIIC;AL CKOSSIg- AI' t tiAS A SLUPE. (F 333.4
THE LURUbSIA±1 Ii, ES.C1 Al 52.2 29.9

[-7-

SEVERE ~tl, b AI. LAR~. S r'u=J'l U OdE luJF. |UOPL.NAIU AtONT. "

* 4



°

iI

APPENDIX A-7

APPLICABLE MARS TAGS
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MARS DOCUMENT NUMBAER MASMATERIAL REVIEW . -- :
* WRK OSJI coos 12- DASh 3. PP ETA 4I Type 7 ACCT O IS GF'E I ORI..NTOS NAME 10. QUATf

11. PRTNUMBER NEXT ASSIEMALY 12. PART NAME NE XT AGSEMBSL 13. REF DOCIP.O PNOJV§NOOR NAME 14 El 1 16 S/ft

IS. PART NUMB R ISCO TTDj.SN N TEST a. PAT my E IftSPECTIFWTESTEQ ISOTlT 20DlT 1 ME, 22, LOT

[JIT24PAT NU 0R FAILED 26. SI FAILEDq 26 REPI DESIGNATION 7PART NAME FAILED 28 RUN TIME

n8 CTy PARTS 40. DIEPECT DIESCRIPTION 42 REWORK

3. CTy DEFECTS

~ K) V56 Fc6 -Ac) rT1 T-E- 1f.f(0 Cum hIS,,nc DT

3!. SEP PIL ~DATE

37;- D4PT REE 6.CORETIE CTO

* 3S CTP/AID DATE

36. FLOE OR E .1l SW 2CA 3RVI4R.!TNADRPAR I4.D J~NE1UEVSR4UARITY. ENGIT

DISPOSITIONI J i/I J

2S OTT PARTS 40 DEFECT DESCRIPTIDN ~If2RWR
30 07) OltECTT Zc{-Ie/Coo.Lee Fo/eP1T 4e+ 4 ,

On OT(.c ofPI

3-CD 12! DATE

33 Mp'P REV 3RTS

34 STEP COMP 5 ssJ43RTS
36, STEP F AIL DATE

38. CAUSE CODE III DIALIVV SUPERVISOR 4 QUALITI

37. DEPT RIEEP 45 CORRECTIVE ACTION

Z300
38, CIA CODE DT

39. CAE BADGE

RESPSAIRN 45 OLIALITY ENG

DISPOSI TOB MRK 2 A T 4MB.SA
45 O T III MR DISPOSITION INSTRUCTIONS t4L ~ ~ ~ I O 62 PRELIMINARY AUTHORIZATION 53 DATE

so. cy REORK64. ENGINEERING MRS

RIPAIR66. QUALITY MRS

UA4 S CUSTOMER MRS.-

MTV 97 REFW NO.

SCAP18. MFGMANAGER S9.COST

FORM 2360 Mar 3P/O
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MARS DOCUMENT NUMBER DAH MARS MATERIAL REVIEW I
r2 A &3121 "

11. PART NUilE NETAS LY 12. PART NAME NEXT ASSEMBLY 13. REF DOCIP.0- NO./VENDOR NAME 14E. IS. Eg.I. 11/411

____ ____ ____ A-0000-3
IS ANTNUMSRIUPCYE/TSTEO... ISAW INSP TEST I.ATNAEINSPECTED/TESTED 19. 0Ty14 /T 20 DEFTV S, A6.0 22. LOT

/. 08.Q2~ 9's-/9~ 0o00 &C' 0 1t'1
11A* SIT13PATNM3R FAILED 247NPIE 6. REF DESIGNATION 27PN AME FAILED 28. RUN TIME

1'. 29 OTT V T 40. DEFECT DESCRIPTION 42. NE11MONK

'MaTV Y ECTS '5
7e~ - ~ / O~EC T'iDATE

33, MPIP Rev 43.ME TEST

34. STEP COMP

35 STEP FAIL .DATE

364 CAUSE CODE 14 Q~ UALITY SUPERVISOR D4 UALITY

37 DEPT RIESP 46. CORRECTIVE ACTION

* 32. C/A CODE DATE

3W. CEAY)

F~OSORII 7IN I .2 SCRAP 1.3FNT( I .. Rggj.TANDANO REPAIR 47. FGE GINEGFI/SUPEFIVI "R 48 QUALITY ENG -

23ATEI 24. PART NUMBEP FAILED 25 S/ A4D 126 RE1 DESIGNATION III PART NAME,1 FAILED 26L RUN TIME

2OTY PARTS 40 DEFECT OEBC"IPTIOT 42 REWORK

30L QYV DEFECTs

31CD 3 DA TE

33 MFF REV 43 RETEST

34, STEP COMP

35 STEP FAIL DATE

36. CAUSE CODE d ULYSUEVOR44. QUALITY

* 37, DEPT RESFP 45 CORRECTIVE ACTION

34, C/A CODE DATE

39. CAE BADGE

F6 LOOR a RINK 2 SCRAP 3 IT 4MAO 6 STANDARD REPAIR I'l MPG ENGINEER/SUPERVISOR 46 QUALITY ENDG

aIPO1 IO-

49. OTT TO GE MRS S1. DISPOSITION INSTRUCTIONS 52 PRELLIMINARY' AUTHORIZATION 63 DATE
OIsrD

ovy6 CUSTOMINERIN MR
UA1I~v" fle P crA X /0sr',e- T - 7i4, 7-

6?. RFW NO.
- MTV ZL 7-~'i 7&-57 TZ/~ A

SCRAP 66MFG MANAGER A6 COST

FORM 2M60 Mw 83
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MARS DOCUMENT NUMBER MARS MATERIAL REVIEW
wook. ORE J2 AH 2P IE B T .TPE .1 ACCT., g GF/ S9. ORGINATON-SNAML 10. G DATE

NUBE NkX PART 'TL Y 12i PART NAME NE6XT ASSEMBLY t3 REF TNUBRNX SELYDOC/P.O. NOJVENDOR NAMIE 14.E4 £1 EI. SO tN

1B PART NUMBER INSPBCTEOITESTEO 17. SN IMSP TEST IS. PART NA.6 INSPECTIEGITSSTED I.TYIT 2OEFTV 21. REJi 22 LOT

YJEI 24. PART N4UMBE FAILED 26. ES. FAILED 26. REF DESIGNATION 27 PART NAME FAILED 2111 RUN TIM#

C3i, gej ___ 7 5
4a DEECT DESCRIPTION 42 REWORK

31LOTYODEFECTS \ )4
) t; >k~rDATE

23. m" REV -'43. RETEST

34. STEP COMP CJ d p o 5'.
_________7309~/S

352 STEP FAIL DATE

36. CAUSE CODE 141 QUALITY SUPERVISOR 44VDALITY

3'. DEPT RESP 46 CORRECTIVE ACTION

3W CJA CODE DT

3% CAE BADGE

44 FLOOR A..WI 2 SCRAP J.3 RTV AUR 5 SIANDAROII REPAIR 147. kMF!N:IEE~r/UPERVSOR 4QUALITY ENG 4
0ISPOSITION/

23.1TB 24. PART NU.MBER FAILED _1SN FAILED 21REF D ESIGNIATION ~ TFR AI ALD126. I/N IIMI

29 T AS 40 DEFECT FECITO 42 REWORK

30OTY, DESCRTIOF

3.CODE 2§ L.i\. 'I~*T C ~ E

3STFOPAT~ (o c 4,o-, k 4 (* e-ccU J-1 cm s. CA I

21 STEP FAIL DATEI____

46 ASECD 1 OI.AL.TY SUPFERVISOR 4Q UALITY

P 72 DEPT RIEB' 45 CORECTIVE ACTION

:10VA OD DATE

30 CA& COOSG

46 C9,6ofR I AWK 2 CAP 13AT 14 MRS .1S*NRUREPAIR RJSUPERV*SO 48 OI/A61I ENG
DISPOSITION 1SADRsI __________

M! 49- CITY ToS MRS m I Di ISPOSITION INST06*000i 52 PRELIMINARY AUT.ORIZATION W3 DATE

70 OT, XIVOR 5s* 4 ENGINEERING MRS.

REPAIR SS QUALITY MRS /

h~l S&. CUSTOMER MRS

67 RPM No.A

RTVA

SCRP E. MFG MANAGER 59. COST

FORM 2M6 Mar 03
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MARS SUPPLEMENTAL DATAMASEPRNO
INDEX CODE IF ASWUBRT

~.. 7J Y y;- IIIIPARTNO._PAG

OLT ir

17% 38r1

Lo I,,.

LLWJ fI rT2 /cxs

* LLIJ~7 3T- i,9

L LW

LLIJR 
-..--.

ASSOC. CO4TRACTOR/CUSTOMER/'VERIFIED 1QUALITY MRS DATE CUSTOMER REP. DOATE

MAY67 2313
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M

OPEN MARS LOGS

DURING TEMPERATURE LIST RUN

E 3TL 0267 Elect drawer open for connecting video

monitor.

E 3TL 1434 CID Camera Controller to be removed for
test. Has not been.

E 3TL 1286 Laser shield pin sheared. Has been

fixed.

E 3TL 1450 Digitizer plug in failure. Has not been

fixed. We are using a unit.

E 3TL 1472 PPG pulse width test failed during ATP
"'" tool sell off. Problem has not

returned. Log is open pending more

tests.

Q 3TL 1465 Laser simulator power supply failed.

Supply is fixed is open.

Quality

. E 3TL 1491 CID Camera Cable failure.

235. . .
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